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PREFACE 


he well-being of humans and animals 
is pretty much interdependent. It's 
impossible to ensure human health, 
food security and food safety, and welfare 
without considering animal and environmental 
health, 
The need to enhance the collaboration between 
animal health workers and medical 
professionals, researchers and academicians 
has moved the editors to develop this 
publication. The book takes into account the 
major threats of animal, human and 
environmental health. This book provides the 
care concepts of One Health approach with a 
citical focus on the key challenges ie, 
roonotic diseases 


and — environmental 


degradation. The objective is to cover 


epidemiological interactions of various 
infectious diseases and their environmental and 
ecological implications as an emerging threat, 

Itis anticipated that this book would be of great 
use to a variety of readers. University students, 
graduates, practitioners, animal healthcare 
providers and health professionals would 
definitely find this book of great importance. 
The language of book has been intentionally 
kept easier for a non-technical person to grasp 
the concepts on interdependence of animal, 
human and environmental health. The editors 
‘wish to publish a series on the subject keeping 
in view the urgency to highlight these areas for 


awareness, research and development. 
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Mosquito-Bome Dengue Fever-An Update 


INTRODUCTION 


Globally, dengue fever (DF) i a highly endemic contagious 
disease and has significant socioeconomic and ealth 
Impact on many tropical and subtropical regions. Pakistanis 
‘one ofthe most affected counties forthe past two decades 
‘wit the fist outbreak reported in 1994 (Nasir etal. 2022) 
‘This mosquito-bome viral infetion characterized by nausea, 
headache. weakness. severe muscular and joint pain, 
Iymphadentis, and skin rashes. Swollen palms and soles, 
‘ingivitis, and intense eye pain are only afew symptoms of 
‘dengue fever, Dengue fever fs the potential to worsen and 
‘develops into a more severe form named dengue shock 
syndrome (DSS) and dengue hemombagic fever (DHF) (Gan, 
tal. 2021; Rajeen and Mayurathan 2022). 

Four serotypes of dengue have distinct epidemiological 
pattems and they can co-irclate within an area und many 
‘Countries are hyper-endemic to these serotypes. Dengue hat 
huge impact on human health and the world economics, 
‘According to an estimate, 390 million people are affected by 
engue virus infections (95% credible interval 284-528 
rillion) with aver 25,000 deathdyear globally, of which 96 
‘million (67-136 million) manifest clinically. According 10 
WHO, the number of dengue cases increased over & times 
since 2000 from $0S.430 eases in 2000, to over 24 milion in 
2010, and 5.2 million in 2019. Moreover, reported deaths 
Augmented from 960 to 4032 within this period, affecting 
‘mostly younger age group (Stica eal 2022; WHO 2022}, 


Geographic Distribution 


‘The epidemiology of vector-bome diseases is directly 
influenced by climate change. Scientists agree that dengue 


‘viruses first infected monkeys in Africa or Southeast Asia 
Fhetween 100 and 80 years aga hefore transmission to 
‘humans. However the spread of viruses was greatly due to 
the global transfer of Aedes mosquitoes that occured 28 
result of World War I Dengue fever (DF) is thewidest 
spread vector-bome disease worldwide, with the highest 
disease burden (Kulkarni tal. 2022). The region of 
‘Southeast Asia experience recurrent and cyclical epidemics 
fof dengue throughout the year. Geographical location, time 
land demogeaphy alsa indicat the prevalence of dengue fever. 
Presently. the clinical worth of deceptive dengue infections 
remitins undetermined. but it i supposed that deceptive 
dengue plays vital roe in the transmission of dengue inthe 
absence ofan epidemic (Gan etal. 2021). 


Etiology 


“The dengue vis isa single strand RNA genome of ~11 kb, 
and translated into & single poly-protein. It belongs to the 
‘aviviras genus and Flaviviridae family. The genome RNA. 
encodes 3 structural protein. molecules. (Capsid, pre- 
‘membrane, Envelope) and 7 nonstructural proteins (NS1, 
[NS2A, NS2B, NS3, NS4A, NS4B. and NSS). The 4 strains 
‘of closely related serotypes named DEN-1, DEN-2, DEN-3, 
and DEN-4 are reported that vary in antigenicity (Kodhai and 
‘Arul 2020). There are several diferent types of flaviviruses, 
including the tick-bome encephalitis virus (TBEV), the 
Japanese encephalitis virus (EV), and West Nile virus. 
DENV. Yellow Fever Virus (YEV), and Zika Virus (ZIKV) 
fare transmitted by arthropods or arboviruses (Higuers and 
Ramirez 2019), 

During DENV replication, virion binds itself with the 
surface molecules of cells and receptors: stil this binding 
thas not been fully identified. Then virus is internalized 
through recsplor mediated endocytosis, Glycoproteins on 
the virus surface involves in the fusion of viral membrane 
and cellular membrane at low pH of endosomes. This 
‘situation enables the virion to disassemble and release its 
RNA into the host cell eytoplasm. After that viral RNA is 
translated into polyprotein with the help of cellar and vial 
enzymes (proteases). Hence, non-structural proteins of 
dengue virus are accountable for viral RNA\ replication 
(Chan 2021). 

‘The core reason of dengue fever infection is an infected 
Acdes (A.) aegypti mosquito bite, and in addition to this, 
vertical transmission may also be acquired accidentally, 
specially from pregnant women via placenta, blood products 
(infected), organ transplantation, and also duc to needle stick. 
injury (Kotha and Arul 2020), 
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Pathophysiology 


There are still many unknown facts regarding DENV 
pathogenesis and the host immune response, Dengue fever is 
fan acute serious condition characterized by high-grade fever 
‘with frontal headache, myalgia, as well as nausea, vomiting. 
and rash that affects adults and older children. ‘The main 
symptoms of the disease” include leukopenia, 
thrombocytopenia with hemorrhagic tendencies, capillary 
leak syndrome, bleeding in the nose, gastrointestinal tract, 
and gums (Kahiriya etal. 2020; Kalimddin etal 2021). The 
viral envelope glycoprotein presents in the virus ails in 
tachment 10 host cells Infected cells, such as monocytes, 
fare a primary target of eytokines that drive innate immune 
responses to DENV via three mechanisms. (a) During 
localized infection of the skin, the dengue viru triggers 
degranulation of mast cells and releases inflammatory 
‘mediators such as proteases, leukotrienes. and histamine 
‘which promote edema at the injection site and increased 
‘vascular permeability. (b) During systemic infection, viremia 
‘curs de to elevated levels of mast cell product in serum 
land the release of TNF, leukotrienes, and vascalar epithelium 
‘row factors (VEGF) that enhance vascular leakage from 
plasma. (c) During secondary infection, antibodies mediated 
enhanced (ADE) enhanced MC degranulation through 
rosilinking of FERC. Studies have shown that MCs are 
‘activated by endogenous products that lead to the 
‘degranulation of mast cells and mosquito sliva co-injected 
‘with arboviruses (Imad etal. 2020: Sugianto 2021). 


Transmission 


‘All four serotypes of DENY are transmitted to humans by a 
Single bite of infected female mosquitoe, mainly te A 
‘aegypti mosquito, andthe infected person's blood results in 
‘viremia in an ly illness that lasts for 2 to 12 days. 
Approximately 8 to 10 days later. the virus is released into 
the mosquito’ saliva and transmitted. to other tissues, 
including the salivary glands. When it bites another person. 
the mosquito’s saliva spreads the infection to that person 
(Fig. 1). The mosquito is unaffected by the virus in any way 
{(Giwvee et al. 2021). Ithas also been documented that vertical 
transmission (fom mother to child) of DENV is a 
considerable risk for adverse pregnancy (Chawla etal. 2014) 
‘The various reported cases of DENV infection through 
dlfferent routes has been mentioned in Table 


The Virus 


Aedes mosquitoes especially A. aegypti are primary vector of 
the dengue virus. The typical range for these mosquitoes is 
round about 35N and 358 while altitude is approximately 
3300 ft. They frequently bite in the momning and evening 
This virus primarily affects humans bat can also elicit 
Primates from another genus. DENV is a positive single 
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strand RNA. genome constituting four unique serotypes 
(DENY-1, DENV-2, DENV-3, and DENV-4). The genome 
encodes 3 underlying protein (eapsid (C], pre-membrane 
IpeMl, and envelope (E] and seven nonstructural proteins 
[NS] by viral proteases and the host (Huang etal 2014), 
‘Within every serotype, particular genotype or heredites have 
heen recognized and exhibiting the most hereditary 
Fluctuations in dengue serotypes. Nonetheless, determination 
keeps on heing a prevailing topic in the development of 
dengue virus. Secondary dengue diseases are frequently 
connected with European genotype ike DENV-2 and 
DENV-3 (Roy and Bhattacharjee 2021). 


‘The Vectors 


Individual serotypes of dengue virus are transmissible 
through a bite of contaminated female Aedes mosquitoes to 
‘people. particularly A. aegypr It generally found in nom of 
1000 m because of low temperature. The undeveloped stages 
(of A. aegypyi are found around stagnant water that is closely 
linked 19 human dvellings (Tedjou et al. 2019), Research 
Froposes that most ofthe females may spend their whole life 
fn or around human dwellings where growa-ups arise. A 

albopictus, A. polynesienss anda few kinds of A. scutllaris 
fre accredited the incidents of the dengue (Ononamad et al, 

2021), Every one of these genera has a particular natural 

Social, and opograpical distribution. A. wlbypicrs has take 
‘many years to spread from Asia to Affiea, America, and 
Earope, because their eggs can stay adapted for along ime, 
‘without any trace of water (Kothal and Arul 2020). 


The Host 


‘After incubation period of 4-10 days, contamination due to 
any of the four viruses serotype can cause a large numbers of 
diseases, mostly asymptomatic or subelinial 
(Krishnamoorthy et al. 2022). Primary infection is 
responsible for long term defensive behavior of a body's 
immune system against serotype infections. From 2 to 3 
‘months afler primary infection, without any longterm ers 
defensive resistance, people experiencing contamination are 
‘Sheltered fron clinical illness with particular serotype (Wei 
Xiang et al. 2022). ln the course of primary infection in 
infants and secondary infection, antibody-dependent 
enhancement (ADE) of the infection has been assumed as a 
mechanism of action t define the severity of dengue (WHO 
2022). According 10 this model, cross-reactive and non 
‘neutralizing antibodies are composed that bind with epitopes 
present on the surface of heterologous infective virus during 
Primary infection and facilitate the entry ofthe vins in the 
Fe-bearing cells, Vial load inreases with expanding infected 
cells and activate the host immune response like meditors 
‘which results in the capillary leakage. During secondary 
infection, memory T cells (cross-reactive) are tiggered and 
further proliferate to release cytokines and correlate the 
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Mosquito Bone Dengue Fever 


‘Table 1: Reported healiare-anociated wansmission of dengue views 


‘Vans Rouies of tansmission Comment 


Raters 


Denar Blood tanstision 


‘Donated blood Tom whith RBCS Wansised repionsy Tovar and myalgia (Peet eal TBO) 


seveloped after 3 days of wansfusion and was detected with DENV'2, 


‘Several medial professionals became infected after nosle- sick injuries during (Geobusch et 


‘mario A hone marrow donation caused the death ofa 6-year Puerto Rican who (Bhat ta. 2018) 


0) 


(Dein and Mazza 2022) 


Bone 
transplan infect with DENV 4 
Newdlestick 

eof rete tiles diagnosed with dengue. 
Renal uansplast Dengue beworeagic fever develope in ena uansplan sepia 
Mucocttneous 


‘medical professional became infected with DENV-3 alter being splatered in (Ula tl. 2019) 


faceby Bol roa febrile uavelerretumn from Peru dignosed with dengue, 


Fig 1: Tansmission af dengue fever 


oad 


ae 
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Fig 2: Life cycle of A aegyyi: Female A. aegypti lays eggs on the ina walls of ail consinss. As the conainees ill with wae 
‘mosquito larvae hatch from the epg. The lava etamexphose ino pupa afte four larval stages which ae named as four instars 


severity of the disease. Research studies show that 
dysfunction of endothelial cells can mediate plasms leakage 
and can aso be linked with the augmentation of infected T 
cells, monocytes, monokines, cytokines, complement system 
and generation of mediators (Uno and Ross 2018), 


Life Cycle of Aedes aegypti 


‘A. aegypti isa primary vector of viruses that cause dengue 
fever. lis geologically distributed in topical and subtropical 


areas and utilizes an abundance of atfcial containers for 
‘needing (Tedjou et al. 2019). A. aegypti is a polymorphic 
type of arthropods that undergoes complete metamorphosis. 
‘An alt’ ite span ranges from 2-4 weeks depending on the 
‘environmental temperature and climate, During entire ie, a 
female member lays ova about 4-5 times (Fig. 2), There are 
three polytypic forms of A. aegypti that have been found 
including (a) sylvan type which isa rural form that 
reproduces in forests, especially in ree holes (b) domestic in 
‘urban habitats, and (c) peridomestic form that breeds in 
ccologically modified areas (Calma and Medina 2020), 
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Manifestations 


‘Three clinical forms have been found such as dengue fever. 
dengue shock syndrome and dengue hemorhagic fever in 
individuals infected with dengue (Kothai and Arul 2020) 
Most dengue virus infections are not symptomatic which 
‘means that when a patieal with fever has only mild 
symptoms, DENV is not yet recognized as the infectio’s 
Frimary cause. With the influenza-like dengue fever and 
Sengue shock syndrom, each of tree clinical presentations 
thay differen level of symptom severity. In many cases, 
dengue virus infections may sometimes be fatal or lile~ 
threatening and develop to dengue hemorthagic fever (DHF) 
‘or dengue shock syndrome (DSS) while mild febrile DF is 
‘often not lethal (Umakaath and Suganthan 2020) 

Typically, symptoms start to manifest within 310 days 
daring the incubation period. The clinical manifestations for 
DHF and DSS range in intensity from minor symptoms 0 
severe lifeshreatening symptoms. Due to the ambiguous 
Clinical presentation and lack af knowledge on the 
pathophysiology and molecular pathways underlying the 
disease, predicting the transition from mild symptoms to 
severe DHF/DSS is stil challenging (Kothai and Arul 2020) 
“According to the WHO, febrile episodes that are about 40°C 
for 2-7 days are characteristic of DF and are frequently 
accompanied by rash, nausea, vomiting, and headache. The 
severity of the preceding symptoms may increase after 3 07 
days, along with the appearance of new symptoms such as 
abdominal pain, nasal bleeding. insomnia, und restlessness 
Leukocyte "counts are often increased and hepatic 
aminotransferase activity i mildly enhanced in instances of 
‘mild dengue fever, according to laboratory testing. Lf na 
therapeutic measures are adopted wen these symptoms 
appear. the disease will proceed to a severe form (DHE/DSS). 
CCinical interventions at this stage and ongoing monitoring 
are required especially inthe endemic area, to stop vascular 
leakage (Ahmad et a. 2020), 

‘Any of the four identified DENV L-4 serotypes causes severe 
dengue infection, Individuals having a history of dengue 
infection with a heterogeneous serotype are more likely 0 
develop DHEIDSS. Severe DHE/DSS may affect 5-10% ofthe 
patients, and if left untested, it can be fatal. Significant 
bleeding especially from the digestive system is, unother 
feature im addition to thrombocytopenia (50, 008mm’), which 
‘may affect up to 50% of DHE case. Remarkably, the quantity 
‘of platelets in the blood and the incidence of DHE are 
negatively correlated. Further, the precise mechanism 
responsible for thie corlation is sll being investigated, 
Vascular fragility isa reslt of decreased platelet numbers, loss 
of fanction and other factors and it may increase the possiblity 
‘of bleeding and plasma leaks (Umakanth and Suganthan 2020), 
‘The DENV induces thrombocytopenia by direct contacting 
‘with megakaryocytes and platelets which in turn inhibit oF 
activate platelet counts. Deep shock, also known as dengue 
shock syndrome, can be brought on by hypotension and 
‘systolic pressure that persist. DSS that laste along time can 


‘One Health Wied 


increase the risk of developing further issues such excessive 
heeding, diffuse intravascular coagulopathy (DIC), 
respiratory arrest, muli-organ failure. and rarely meningitis 
and encephalopathy that results in death (Madi etal. 2014). 
‘Along with the normal symptoms, dengue can also have an 
impact on a number of other bodily functions hike dengue 
‘encephalopathy i euler considered to be exclusively linked 
‘with dengte hemorthagic lever and dengue shock syndrome 
(Trivedi and Chakravarty 2022). The Guillian Bare 
Syndrome (GBS) and transverse myelitis are two more 
‘neurological diseases that resemble with the dengue. The 
course of dengue infection is further divided in to three 
‘hases such as febrile, serious and recovery as mentioned in 
‘Table 2 (Kothai and Arul 2020), 


The possibility of a prompt and accurate diagnosis is 
‘occasionally exacerbated by the fact that the manifestations 
‘of DF are identical to several other diseases sch as typhoid 
fever or malaria, Diagnosis of dengue initiates with a clinical 
sign of febrile phases of illness, dengue patients often have 
fever accompanied by nausea, body pain, maculopapular 
"ashes, bleeding nose, and gums (WHO 2022) 

In order ta effectively combat the disease, ts ercal to make 
fan carly and accurate diagnosis of dengue infection in the 
laboratory. According a estimates, up to 50% of dengue cases 
‘could go undiagnosed. This i particulary for dhose who reside 
in or travel to locations where tropical infectious disease are 
‘widespread, the signs and symploms of dengue difer vary 
realy from those of other viral infections, Avoiding severe 
‘Instances and edcing the Financial burden ofthe illness unt 
an availability of anti-viral vaccine, is crucial for diagnosisin 
carly and accurate manner (Kothai and Arul 2020) 

‘The major advance laboratory tools used for detecting dengue 
infection involve: (a) nucleic acid amplification tests (NAAT) 
tw identify the specific virus serotype: (b) genomic sequences 
and vial isolation from mosquito cell lines and (c) ELISA to 
detect antigen and antibodies (Huang etal. 2014). For early 
detection of dengue infection, two screening methods: direct 
land indircet approaches have been used, The former is sed 
for detection of NS1 antigens and viral RNA from patient's 
‘nlood infected with viremis in ease of acute febrile phase. The 
later is used in post febrile phase where IgG and IgM 
antibodies are detected by Mac-ELISA. The rapid and reliable 
‘method used for diagnosis of dengue virus isthe extraction of 
RNA from blood, serum, tissues. saliva, and urine and 
perform reverse wanserptase PCR (RT-PCR) (District 2019), 
For the first time. the neutralizing antibodies measured by 
neutralizing test was developed by Russell named as Plague 
Reduction neutralizing tests (PRNT). The neutralizing 
anubodies inhibit dengue virus infection and offer preter 
specificity in separating DENV- specific antibodies fom 
those that are cross reactive flavivirus antibodies. Since 
PRNT requires lot of labor, takes along time and has a low 
‘throughput its not frequently employed in dengue diagnosis 
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Mosquito Bone Dengue Fever 


‘Table 2: Phases of dengue infection 


Phases Sympion Daron 
Feb Tligh grads Tover bendache omnes 27 days 
Serious ‘Organ dysfunc over, severe bleeding from GIT, DSS and DHF 

Recovery Sesious pruritus, bales, muculopapla ash 


‘Table 3: Laborstory agnostics for dengue wih spine atl sensitiv 


Disguise methods Techaigue Taam 
‘Antibody detection TgM detection ‘Serum, pasha, whale Dood 65-100 
9G detecion 6300 
Rapid leM detection 205977 
Atgen detetion Vial antigen detecuon (NS1) Serum, plasma siz084 
‘Autigen-antibody combined detection NS! and IgM eu, whole Blood soon 
NSI and IgGagM 930 
Viet detection Vins isolation (cel cute) Whole blood serum, tisues 408 
Viral BNA RT-PCR 580-100 
Visa RNA (NASBA) RT-PCR. os 


“Tabled: Natural sources sctiviy agus A age 


Ph Common Name 


Pa Teer 


“Boeri 
Kaempferiaparifora 
Carica papave 


‘Selanumons Red aghrshade 
Combretimcotnn ‘Weep shill 
Acaiectindica Neem 

irs neta Sweet lemon 
Aculyphaalaolia Copper at 
Delonas White pulmnobur 


Rosie used 9 nae PE 
Leaves and stern 


‘Akram etal ET 
(Balaji etal. 2022) 


Leaves (Teh etal 2022) 
Berry (Siam et al 2022) 
Shoots (Seb etal. 2021) 
Leaves {Dwivedi tal 2021) 
Postextut (aie ea 2022) 
Lest {Subbiah 2021) 

Leal {Sure 2020) 


even though i s sil the assy for immunity studies that 
rost frequently wilized (Lima etal. 2022). In onde to get 
roan the limitations of PRNT. newer tests have heen created 
such as the ELISA-hased spot and microneutraliztion test, 
the Ngorescent antibody cll sorter that based on dentritic cel 
specific intercellular adhesion of molecule-¥-grab-bing Non- 
integrin expressor DC assay. Immune fluorescence test, 
‘aplure ELISA and hemagglutination assays are sed forthe 
tdignosis of DENV infection in carly stage by using 
‘hematological and biochemical indicators (Limitkul etal 
2022), Laboratory diagnostics for dengue with specimen and 
Sensitivity has been mentioned in Table 3 (Lima etal. 2021 
Aligjinou eta. 2022), 


‘Treatment of Dengue Fever 


Currently, to cure the dengue fever no specific teatment is 
available. Typically. the fluid replacement along with the use 
fof analgesics and proper rest i satisfactory. Acetaminophen 
‘an be used forthe treatment of fever, The use of drugs ike 
corticosteroids, asprin, and NSAIDs should be evaded 
(Kellstein and Fernandes 2019). Research studies have been. 
‘cried out by Novartis Institute for Tropical Diseases (NITD), 
‘Singapore to ind out te inhibitors of target proteins af dengve 
virus to decrease the load of virus in active infection. The acute 
form of dengue fever necessitates fluid therapy and treatment 
fof hemorrhage, The patients with dengue shock should be 
‘admitted to an intensive care unit. Ringer lactate which is an 


ixotonic solution could be used inpatients who are deficient in 
intravascular valume (Yokokawa 2020) 

‘A hemostatic drug such as earbuzochrome sodium sulfonate 
{AC-17) (due to capillary stabilizing activity) reduces the 
high permeability of blood vessels. This vascular hyper- 
permeability may be induced by vasoactive componels via 
‘an agonist induced inbibition of phosphoinositide hydrolysis: 
Plu therapy i wed i the critical phase. There is inadequate 
evidence regarding the quantity and fluid selection. Pluids 
‘which could be used to increase the volume are 5% albumin, 
‘normal saline, plasma or plasma substitutes, ringer lactate 
and 5% glucose diluted in ratio 1:2 of 1-1 in normal saline 
(Hasan etal. 2016) 

The fluid therapy is based on the principles comprising oral 
as well as intravenous fuid intake depending upon the 
‘condition ofthe patient. The pugpose ofthis uid therapy is 
to prevent hypovolemia. However, the excessive fluid 
therapy is prohibited. Crysalloids like 0.9% line are 
recommended as first line UV fluids (Kajimoto and Kitajima 
2020), The intake of UV fluids in patients can be increased 
‘radully to minimize the risks. The use of acetaminophen 
>revens the use of NSAIDs such as acetylsalicylic acl and 
Ibuprofen because of their increased risk of bleeding. The 
patients with reduced hematocrit should be transfused with 
blood (van Bergen et al. 2022) 

The drugs obtained from natural sources have larviidal and 
‘mosquitocidal activity against A. aegypti. The important 
‘natural cures are mentioned in Table 4 
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Prevention and Control 


In December 2015, Sanofi Pastur was licensed to develop 
the fist dengue vaccine Dengvaia® (CYD-TDV) which is 
now approved by regulatory authorities in almost 200 
‘countries. Additional analysis was performed in November 
2017 to find out the serostatus a the time of vaccination 
‘lease. The results of the study showed thatthe group of 
volunicers (without prior dengue virus infection). who 
participated in the tral study were deduced to he seronegative 
at their first vaccination and had a great risk of severe dengue 
land) hospitalization in comparison to unvaccinated 
participants. Therefore, use of CYD-TDY vaceine is allowed 
for 9-45 years old people with laboratory established prior 
dengue virus infection (WHO 2022). The risk of dengue 
infection is increased in seronegative vaccinated individuals 
‘hecause they are exposed to natural dengue infection forthe 
rt time at the live-atenvated Dengvaxia® triggers an 
initial immune response ta dengue. Strategic Advisory Group 
cof Experts from World Health Organization (WHO) updated 
its recommendations from April 2018 assuming that pre- 
‘vaccination screening method must be recommended for 
‘ations contemplating CYD-TDV immunization, in which 
‘only people who are seropositive for dengue cin be 
‘immunized. In 2019, Food and Drug Administration also 
approved Dengvaxiai® as dengue vaccine (Biswal etal 
2029), 
Currently. avoiding the bite of vector mosquito is the only 
‘way to avert dengue virus, This could be dane by avoiding 
traveling to the areas where dengue is endemic, Mosquito 
‘ettng is also used but its use is not much beneficial because 
Aedes bites during daytime. The mosquito indoor sprays can 
also be used for elimination of mosquito (Wang eta 2020), 
Recently, non-chemical techniques have been categorized as 
“binpesticides,” which simply refers to. eradicating the 
pathogen with substances derived from living ereatures. To 
Find a powerful agent, it is necessary to investigate biological 
control agents such as diverse predators and parasites, ie. 
‘Viruses, fungus, bacteria te. The use of diferent viruses and 
Fredators as biological mosquito control agents has been 
documented, Wolbachia is an intriguing prospective new 
‘dengue biocontrol method against Wolbachia infection uses 
Inherited endosymbiotic bacteria to make mosquito 
populations resistant to arboviruses and. exhibit low 
significance against vector (Ritchie 2018), 


Conclusion 


Dengue fever is a vsing public health issue throughout the 
‘world. For disease prevention all dengue-endemic countries 
require more effective surveillance systems. A vaceinaion is 
tugently needed to reduce dengue feverrlated morbidity 
land mortality. Several medicinal plants have been identified 
that have significantly inhibited response towards dengue but 
siilleffective and proper treatment needs o show positive and 


‘One Health Wied 


therapeatic outcomes. In addition, distinct serotypes in 
dengue endemic can he managed with the help of respective 


REFERENCES 


Abad Se 2020. Epidemiological and clinical manifestation of 
dengue vinus infection: A Recent Report of 2018 fom Dist 
Batugram Khyber Pakhunkbwa. Ineratonal Journal of 
Mosquito Research 16) 5-% 

‘Akram Metal, 2021- Dengue Fvee: A Bri Overview and Insights 
into the Potenal Appicailay of Phytachenicals in Ie 
Management, Negleed ‘Tropical Disease and 
‘Phytchomcalsin Drug Discovery 2021: 417-139 

Alidinou EX et al.2022. Prospective Evaluation of 4 Commer 
Dengue NSI™ Antigen Rapid: Diagnostic. Test in New 
Caledonia, Microrpanims 102): 4, 

Ballo EF et al, 2022. Larviidalefect of the Cinuslinetioides 
‘eel esentl oil on Aedessegyp. South Afican Joumal of 
Bouay 144:257-60 

Balaji AP tal, 2022. Review on the Potential Spies ofthe 
Zingiberacese Fanily with Auivied Efficacy Towards 
Envelope Viruses. Jounal of Pure and Applied Microbiology 
16. 796-813, 

Bhat N et al, 2018, Dengue lacetion: Varying Preseauions 
(Clinical Severity and HUN a Thalusemia Paueats Post 
Allogensie Bove Manow TeansplantAbsvart/Podianic 
Hematology Oncology Journal 3 S765, 

Biswal § et al, 2020" Safely of Dengue Vaccine? Clinical 
Infectious Diseases 

Calms ML and Medina PM, 2020. Act und chic exposure of 
‘the bolometabelous life eyee of Asdesaegypti Lo emia 
contaminants naproxen and propyipanben. Environmental 
Pallation 246: 118275, 

(Chan WM, 2001, Dengue fever: cology, pathogenesis and vac 
"development. PHD Dissertation, Boston Univers 

(ChawlaP etal 2014. Clinical implications and weamen of dengue 
"Asian Pacii Joumal af ropeal Meee 73) 169-178 

Delfino VD and Marzi M, 2022. Dengue in kidney wanspacted 
fatients: addons "the puzze!. Brazilian Joumal of 
Nepheoogy. 

Distict ACMA, 2019. The 470 and 88th Rept forthe Alda 
County Mosquito Abatement Distt. 

Dwivedi VD et al, 2021 Autdongue ineetiviy evaluation of 
‘ioflvonoid fom Azaicachtaindica by dengue vis serine 
fwotcise inhbinon. Jowal of Biomolecular Seuctre and 
Dynimis 39(4): 1417-1430. 

Gap Total. 2021. Dengue eve and inset ssistancein Aces 
‘mosquioes a Southeast Asa: A review. Parasites and Vectoes 
Tn 1. 

Grobusch MP. et al, 2020, Can dengue virus be sexually 
‘tasted? Travel Medicine and lafecous Disease 3% 
101783 

(Giwee $X etal, 2021. Animals as potetal esevois for dengue 
‘tansision- A systematic review, Oe Healh 12: 100216 

Hasan $ et al, 2016 Dengue vrs: A soba human test: Review 
‘of lira. Joural of Intemational Society of Preventive and 
Community Dens 61) 1 

Higuera A and Ranire JD, 2019, Molecular epidemiology of 
‘dengue. yellow fever, Zika aad Chiktngunyautbovinses: An 
pte. Actatrpiea 190; 99111 


Unique Scientific Publishers 


‘Mosquito Bome Dengue Fever 


Huang VIS ota 2014, Paviviewsmosquit interactions. Vises 
411) 4703-1730 

Imad HA etal. 2020, Cytokine expressing in dengue fever and 
dengue heionagieTever paints with bleeding and severe 
bepats, The American Journal of Tropical Medicine and 
Hygiene 1025) 943 

Kajimoto ¥ and Kiyima T2020, Chia management of paints 
"with dengue infection i Japan: ess fom banal database 
‘of bea insurance claims. The America Jounal of Tropical 
‘Medicine and Hygiene 1021) 191 

Kalimuddin ‘Set al, 2021. 18F-Ahoradeonyshicose positon 
frmssion tomography as a window into umn “dengue 
fubophsolog. Antiial Research I(18S): 108994 

Kariya IB etal, 2020-Epidemiologial surveillance of Dengue 
fever: An cverview.lnemational Jounal of Veterinary 
Science 56) 1-10, 

Kellcin D and Femandes L, 2019. Symptomatic weatment of 
‘dengue: should the NSAID containdiation be ecansidered? 
Postgraduate Meine 31(2): 109-116, 

Koval and Ar B, 2020. Dengue Fever: An Overview. Dengue 
Fever in 4 One Health Pesspectiv.lteehOpe. 

Kovhai Rand Anu B, 2020, Dengue fever: an overview. Dengue 
Fever 

Ksidnnoonthy Petal, 2022. Hos and vital nom-cading RNAS in 
dengue puhogesess. Reviews in Medical Vology 8: 236, 

Kalkamms MA eta. 2022. Charting the evidence for clanae change 
“pets on the global spread of malaria and dengue ad 
‘lupe espouses: scoping eview of reviews. Globalzation 
Sut Heath T8(1) 1-8 

‘Lima MD etal. 2001. Analysis of routinely use commercial at 
‘ukusguiya gM ELISA reveals erossteacuvites with 
dengue in Beal: 4 now challenge for derental diagnosis? 
Diapuosies 116): 819 

‘Lima MRR etl, 2022. Serological Diagnosis of Dengue. ln: Dengue 
‘Vins, Humana, New Vee 173-196 

‘Linkin K etal, 2022. Doogue virus seroprevalence study ia 
Bangpuc suit, Ratchabusi, Thailand A cobort std ia 
20122015. PLaS Neglecied Tropical Diseases 16(): 
‘oan 

‘Madi D otal, 2014, Dengue enephaliis-A rare manifestation of 
dengue over. Asan Pacific Ioumal of Tropical Biman 
fon. 

[Nasr A et a, 2022, Blond Trutfusion Practices in Dengue Fever 
‘A Cross Sectional Single Center Stuy ducing a Dengue 
Outbeak in Pakistan In Proceedings 362: 1-6 

Ononamady CO etal. 2021, In sico Meniicaion and study of 
foteual ant-mosquilo juvenile hormooe hiding peoeia 
{(MIHBP) compounds as candidates for dengue irs-Vector 
Insecticides. Biohernisty abd Biophysics Reports 28: 101178 

‘Poser Let al, 2020, Transfusiontutemissible dengue infections, 
“Transactions of The Royal Society af Tropical Medicine und 
Hygiene 1 L411) 86682. 

Rajeen Keand Mayursthan P, 2022. Management an diagnostic 
Alificies of dengue’ haemorthasic fever with acute 
“ppendiis case report Joutal of he Pstgraaut nsiute 
for Medicine 91) 15. 

Richie SA. 2018. Wolbachia and the near cesation of dengue 
‘breaks in Northern Australia despite continued dengue 


‘poration via walls, Juma of Tal Meise 25(1 
a 

Ray SK and Bhatachaje S, 2021, Dengue vin: epidemisog: 
iology.and deme stig” Catan Jou of 
iobilogy 6710) 687-702 

Sehr etal 2021 blogaphicassessmeot sing the deces 
af ubliton mebod: meal plat fom he ua sett 
{ep opon (Uganda), Evidence Based Complementary and 
‘Area aie 

Sia MA ety 2022. Mougto Contch Management Using 
Phytchemice A Review. JK and Khan. AR, Mongo 
Control Maagement Using Phytochenicals A Review 

Sica CV st 2022, Global Evoltionay History and Dypamis of 
‘Deus Vines fered fom Waole Govone Soqwences 
ies 1) 78, 

Subbih'S, 2021, Copepos activi and moxquitocidl activity of 
esr exact gaia dengue vector Aedevagypi> Amis 

Sugino NA, 2021, Pathophysiology of dengue taemonbagic 
fer, Word Jol of Paracel Research 1h) 218- 
Es 

‘Surah KC, 209, Green sybess $402 nanopaics sing 
‘Dalila le extact Evaluation of ty tural pi 
‘morphological and photocatalytic, popes, SN Appel 
Sefnces 2110 13. 

“Todjou AN etal, 2019 Updat on he geopapical ition sod 
fretlene of Aslenegypl an Asloulbopicas (Dip 
Eicide), wo mujer bovis vector a Cameroon PLoS 
Negleted Topical Diseases 1303): 000719 

‘ob BP etal 2002. Can papays Leaf Jace for Dengue: A 
‘Scoping Review: Nutients 14) S84. 

“Tava and Chalrvaty A, 2022, Newoloical Complications of 
Dengue Fever Creat Neurology and Newoscince Reports 
es 

Ul et a 2019. Musoeutansous manifestation in ats with 
Menge ye, Khyber ural of Medical Steger 120) 225, 

Lnakanth M and Sugattan N. 2020, Unusual suanieatons of 
dengue fever: areicw on xpi dogo syodrme- Cus 
ro 

Uno Nand Ross TM, 2018. Dengue vrs at the os nate 
mune response: Emerging Microbes and afecins 11) 1 

Vin Been ED ota, 282 The fat for aden long and 
Canlovscla eval in empl pacts sing (Do) 
‘Shave norsolda ani-afaamaery dup: A spent 
‘eve eporting on safety. Bla Reviews 10587 

‘Wang WH cil D0, Deng hemoohapc fever syeaic 
TWeetue evew of eurent perspectives en pathogenesis 
fectenlon an conta, Jura of Msroucogy,naslogy 
Sa ction 536 963.978 

Wei Xiang BW ct sly 2022, Dengue vis infection muds 
‘mong blonscding Bohavite to ncteaetaarnion 4 
‘he how, rocsdings oe National Academy of Seca” 
Ho 2117840119. 

Worl Hedi Organon, 222, Dengue: Dengue and sere 
eng 

Yotokats F200, Rees progres on penotype-ased covery 
‘of doagus inion. RSC Medicinal Chetsty 13.3 
St 


Unique Scientific Publishers 


Tick-Borne Encephalitis - A Threat to Life 
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INTRODUCTION 


‘Tick bore encephalitis is a serious arbo-viral zoonotic 
infection in human affecting their Central Nervous System 
(CNS) and commonly found in Asia and Europe (Ruzek et al 
2019). The virus is trnsmitted by Ixodes ticks spp. and 
taxonomically belongs tothe family Flaviviridae and genos 
Flavivirus (Simmonds et al. 2017). Transmission of virus 
typically occurs during the infestation of tick hence, the 
incidence of THE is linked with expansion of these esto- 
parasites (Salat and Ruzek 2020). Additionally, itis also 
{ransmitted through ingestion of TBEV-infectod. mile and 
‘milk products. Sheep. goat, horses, dogs, rodents and other 
animals is its ceservoir host and human are dead end host 
(Buczek etal 2022). The most serious form of TBE virus is 
inflammation of brain and spinal cord known a6 
cencephalomyeliti (Gritsun eta. 2008). 

Tas earicst narated in Austria and detached in Russa, in 
the years 1931 and 1937 respectively (Valarcher etal. 2015) 
‘TEBV is an enveloped, spherical, positive sense, RNA 
(single stranded) virus and roughly 50 am in width, It is 
appeared in three distinet forms viz. mild, moderate and 
severe, This viral genome is encoding ene polypropylene that 
split into 3 structural (C, M, E) and seven non-systemic 
proteins. lisnucleo-capsid is comprised of viral nucleic acid 
land capsid protein C, which is enveloped by a lipid protein 
fensisting of protein Mand E (Fizik et al. 2018). The 
principal part of viral exterior surface is Protein E and take 
part as virusneutralising antibodies while post infection 
{Heine and Stissny 2012), 

‘TRE is transmitted both transtaially and_transovarially 
between their developmental sages. Ticks have long life 


cycle and TEBV have ability to survive throughout their 
developmental stage yet. its cycle is affected by certain 
factors as microclimate, host factor and environmental 
‘changes. In the winter season, some tick's activity become 
limited. Furthermore, ticks mostly active in plantation 
‘weathers with sufficient amount of moisture and increased 
temperature, During mouling, it's size contract with 
discharge of water and toughness of skin and until the 
upcoming spring. ticks develop itself for cold. season 
(Worm etal. 2022). 


Etiology 


‘Tick-borne encephalitis (TBE) is serious infectious disease 
tht affects the central nervous sytem (CNS) of animals and 
hhumans (Ruzek etal 2019). About 10.000 to 15,000 eases 
ae reported in Europe and Asia annually (Bogovic and Sule 
2015). TBE virus (TBEV) is the causative agent of the 
{isease that represents arboviruses, including viruses, which 
fre transmitted by blood-sicking arthtopods, Phylogenetic 
‘character ofthe virus relates it tothe Flaviviridae family and 
‘genus Flavivrus (Simmonds etal. 2017). TBEV includes 3 
Sub-types namely 

1) The European subtype that is transmitted by Ixodes (L.) 
ricinus ticks 

2) "The Far eastem subtype that is transmited significantly 
by J. persulcanus and 

3) The Siberian subtype this transmitted by 1. perslcatus 
‘The viral genome is a single-strinded RNA genome that 
‘encodes one polyprotein and spit int trce structural vz. C. 
“Mand E and seven non-structral proteins. The nucleocapsid 
fof the virus consists of the vir mucleie acid and capsid 
protein C. The nucleocapsid is enveloped by a lipid 
‘membrane containing two proteins ic. M and E (Fizik etal 
2018), Protein Eis the main surface antigen, which allows 
ihe host cells to mediate infection by binding withthe surface 
‘receptors (Heinz 1986), 


Epidemiology 


‘This virus is endemic in Russia, Mongolia central, eastern 
and nerthern Europe, northem part ofthe China and Japan. 
“According to a survey, about 170,000 cases of humans have 
heen appeared in Europe and Russia since 1990 to 2009 (Suss 
2011). This virus has three subtypes that i prevalent across 
ihe Eurasian continent Le. the Wester European subtype 
previously known as central European encephalitis virus, 
commonly found in the regions of central, easter and 
horthern Europe (pastoral and woradland), where J. ricinus is 
the main vector: the Siberian subtype earlier called as West 
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Tick Bame Encephalitis 


Siberian encephalitis vius, typically present in Ural egion, 
wreastern Russia and north-eastern Europe, where 1 
persulcatus is the main vector responsible for disease 
‘wansmission; and the fa-Fastern subype previously named 
sas Russian spring-summer encephalitis, indigenous inthe far 
caster Russia and some woodland of lapan and Chins. tis 
als transmitted by J persuleams (Valarcher eta. 2015) 
‘According to survey of 2008-2019, 51,519 confirmed cases 
have been reported in Europe though the numberof cases get 
declined during the years 2014 and 205 but after 2015, 
instances of cases have climbed again, The main reasons for 
the prevalence of TREV are host community, movement of 
hhost, environmental conditions and traveling of people 
around foci area Overall, mean incidence rate was 3.27 in 
this entire period (2000-2009) Wondim eta. 2022), 
Te is reported in 28 different countries around the globe and 
recent presence of THEV virus in nceth Europe indicates the 
disclosure of new foci of TBE (Wondim et al. 2022). Is 
lstrbution isnot constant and the data is still insticent in 
‘ome counties Le, Germany and Austria, where information 
regarding TBEV virusis inadequate and their reporting habits 
dllcr from geographical and historical reasons (Dobler et al 
2012), Therefore, a lot of research needs to be done on this 
‘irusotherwise it will get prevalent across the globe and 
‘hecome threat forthe human heal 


Pathogenesis 


‘Tick bite is considered as a significant source of TBEV 
infection rather than the consumption of unpasteurized dairy 
products. After infected tick bite, virus replicate first atthe 
Imoculation site, afterwards drain into lymphatic system. 
Virus has been Yound in dermal, Langeshans and dendritic 
cells that is the primary site of infections before enter into 
regional lymph nodes. Plasma viremia occurs aller 
replication of virus inside the Iymph nodes. From this ste 
virus reach to different tissue ic, spleen, iver and bone 
‘marrow via heamatogenie route that resulis inflammation, 
Iysis and cellular dysfunctions (Ruzek et al. 2010). 
Significant proportion of virus tires are required to cross the 
blood brain barier. Patients ving small number of TREV 
specific antibodies, rarely neutralizes the tiesto avoid CNS 
infection, consequently. virus replicate at neurons target ste 
and cause inflammation, cellular Isis, necrosis, apoptosis and 
cellular dysfunction. This infection leads microglia and TREV- 
specific T lymphocyte migration toward CNS, particularly to 
the grey. matter and prone to immunopathogensis at the 
infected sites. In lethal stat, i also affects spinal cord. brain 
stem and cerebellum (Mansfield eta. 2009). 


Transmission 


In every active developmental stage, ticks can be infected 
‘with TBE virus After entering in ticks this virus localized in 
tissues, salivary glands and ovaries, I's presence in ovaries 


indicates that transovaral transmission are commen in ticks. 
Moreover, the virus present in the entre organism, transstadial 
transmission is als plausible (Litkova etal. 2020), 

Larvae are infected with virus via transovaral transmission. 
Furthermore, larvae and nymph are also get infection while 
‘co-fecding the same rodent host and keep thei inection alter 
molting in the subsequent stage through tansstadal 
transmission. Once infected, ticks carry that infection 
‘hroughout ther lives. Mammals are infected by tck’s ites 
‘or contact with the wounds having eggs of infected virus, 
Virus attached with saliva enter into maramals and reach their 
‘organs. Its incubation period is 7-14 days depends on the host 
species and their immunological conditions. During this 
centre period, virus multiplies and spread to entire organisms. 
‘This make horizontal transmission possible between co- 
feeding ticks species. Apart from this, transmission is also 
spread via milk and milk products obtained from the infected 
host. Additionally, itis also spread through inhalation with 
‘dust and blood transfusions (Karbowiak and Bierat 2016) 
Fig. | shows the eyele of TBEV transmission tothe host, 


Clinical Manifestations 


Canine Tick-borne Encephalitis 


‘The common clinical manifestations of tick-borne 
‘encephalitis in canines clude an elevated body temperature 
up t0 106.5 Fand behavioral changes that include denying of 
food. shyness, apahhy and increased aggressiveness. 
Musculoskeletal disorders are often found in the affected 
snimals, with forelimb and hindlimb motion disabilities 
being the most common. Severe neurological and brainstem 
‘damage is evident from the neurological symptoms such as 
press ofthe forelimbs or hind limbs, quaiplegia, seizures, 
‘convulsions ataxia. pereptual disorders, hyperalgesia inthe 
neck, hyperesthesia lowe of head sensitivity, facial nerve 
paralysis, strabismus, ansocoria, nystagmus, miosis, loss of 
the corneal reflex, and optical neuritis (Valarcher etal. 2015) 


Equine Tick-borne Encephalitis 


Studies on the prevalence of TBE-specific antibodies in 
horses have revealed tha this species is also susceptible 10 
‘THEY infection. though dhe disease is asymptomatic in the 
vast majority of cases. The signs of disease reported in 
individual cases include poor general condition, loss of 
appetite. anorexia, shyness, nerveusness, alaxia, spasms, 
cplleplic seizures, and hyperalgesia inthe neck (Klaus 2013) 


Ruminants Tick-borne Encephalitis 


fa Ruminants, Tick-borne encephalitis is usually 
‘asymptomatic and do not typically cause problems in the 
infected host. However, rare descriptions of symptomatic 
‘TRE in ruminants also exist (Bam eta. 2017), 
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‘TBE Manifestation in Humans (Tick-borne 
Encephalitis zoonoses) 


‘TRE virus isone ofthe principle causes ofthe central nervous 
system (CNS) infection in humans. It causes clinieal disease 
in all ages bt adults are particularly more vulnerable. TBEV 
infection is of biphasic nature (Gretikovi 1999). ‘The 
incubation period varies between 2 to 28 days, with an 
average of 7 days, Inthe fist phase of infection that is the 
‘iremic phase which encompasses fits two to eight days of 
infection, flu-like symptoms with an increased temperature, 
‘musea, headache, lethargy and aching back and limbs are 
‘most evident, Subsequently, there follows an asymptomatic 
period and, in 1/3" of the patients, a second phase of the 
disease i reported, which is characterized by sudden onset 
fof fever. This is the phase chiefly aflecting CNS and is 
‘manifested by clinical symptoms including anorexia, fever, 
hheadache, vomiting. photophobia, sensory changes, visual 
disturbances, paresis, paralysis, or even coma. Other reported 
symploms include byperkinesis of the limbs and face 
‘muscles, convulsions, lingual tremor and paresis of the 
respiratory muscles. This disease might prove fatal 8 week 
aller the onset of clinical disease (Fizik etal 2018), 

In case of a severe disease observed in 10-20% of the 
patients, chronic neuropsychiatric or nervous sequelae are 
‘observed, such as lack of cancentrlion, depression or paresis 
‘of the face of limbs due to chronic myelitis or encephalitis 
(Chambours ta. 1989), 


‘Treatment 


‘The TBEY infection has no specific reatment options, When 
ncurclogical symptoms are present, antiviral therapy is not 
‘used as a form of treatment because the virus at already 
lsappeared, The treatment is primarily symptomatic and 
includes nonsteroidal anti-inflammatory medication. 
‘According to the severity of their symptoms, ptints 


‘One Health Wiad 


Fig. 1: Transmission 
yeie of TickBome 
Encephalitis Virus 


ethane 
‘eae 


Iypically require hospitalisation and supportive eare, wich 
includes giving amipyretics. analgesics, antiemetics 
‘maintaining 2 healthy balance of water and electrolytes, and 
ssiving them anticonvulsive agents if necessary. Intubation 
and ventilatory support are necessary for patients with 
neuromuscular paralysis who have respiatery flare. For 
patints in 8 coma of experiencing difficulty breathing. 
reanimation therapies are administered (Bohm etal 2017). A 
possible consequence of acute vital encephalitis is cerebral 
‘edema, which worsens the clinieal presentation and foretells 
2 poor neurologic outcome. Inravenous mannitol and/or 
Steroids are frequently administered to patients with 
significantly increased intracranial pressure. Mannitol 
induces the uid from an oedematous brain to retur to the 
intravascular space, which strengthens cerebral perfusion 
Pressure, increases circulation volume, and decreases 
intracranial pressure by cerebral autoregulation. 
Additionally, it influences the fluidity of the erythrocyte 
‘membrane, which enhances blood flow and exygen delivery 
hy lowering blood viscosity. Five percent of patients with 
‘cerebral hypertension experience a rebound phenomenon, 
‘When the serum osmolality exceeds 320 mOsmL. it soften 
advised to discontinue administering mannitol to avoid 
‘complications. No credible (comparative) research suppests 
the use of mannitol in TBE patents. despite the fat that iis 
2 fairly common clinical practise to administer intravenous 
Tmunnitol to people suffering from extremely increased 
intracranial pressure (Fizik etal 2018), 


Prevention and Control 


‘The primary methods for controlling TBEV are infection 
prevention through active immunisation of populations at 
Fisk (Christine Klaus et al. 2010) and prevention of 
transmission from ticks o fod products (such as pasteurised 
milk). wearing light-colored clothing (ight colours make 
licks easier to spot) having fll sleeves and pants tucked into 
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socks or shoes, using repellents, and carefully checking for 
ticks over the entire body are the posible options to avoid 
setting ticks. Avoiding ticks means limiting contact to 
vegetation, particularly in deciduous and mix forests with a 
dense understory and a layering of decomposing vegetation 
‘on the ground tht offers enough humidity for ick formation 
and survival. However, within a few minutes of attachment, 
‘an infected tick’ saliva may tansfer TBEV since itis present 
in its salivary glands. The most effective method to prevent 
the disease in a risk area is active immunization by 
vaccination, Two TBE vaccines, FSME-IMMUN@ and 
Enospar®, are licensed in Europe. In addition 10 the 
uropedn vaccinations, Russia has registered two vaccines 
(IBE-Moscow and EneeVir) tused on the Far-Eastem 
subtype of Tick bom encephalitis virus. The viruses are 
produced in cell of chick embryo and formalin has been used, 
fo inactivate them and aluminum hydroxide is used as 
adjavant im bod of the vaccines. Another vaccination based 
‘on the Far-Eastrn subtype of tick born encephalitis virus has 
been produced and used in China (Ricca N tal 2019). 


Conclusion 


‘Tick serves as a vector for transmission of tick-borne 
encephalitis virus and its eyce is aflected by certain factors 
Including microclimate, est factor and” environmental 
changes. After infected tick ite to the hos, virus replicate 
first at he inoculation site, and then dein into the lymphatic 
system. Virus has been found in dermal, Langeshans and 
dendetic cell that is the primary site of infections before 
entering ito regional lymph nodes. During this entire period, 
‘inus multiplies and spread to entire organisms. This makes 
horizontal transmission possible between co-feeding ick 
species. The primary methods for controlling TREV are 
infection prevention through active immunization of 
popliticns at risk leading ta prevention of transmission fom 
ticks or food produets (such as pasteurised milk), wearing 
light color clothing (light colours make ticks easier 1 spot) 
Inaving fll sleeves and pants tucked into socks or shoes, 
‘using repellents, and carefully checking for ticks over the 
cate boy 
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INTRODUCTION 


In North America, the eases of human babesioss exceeds 
20,000; it is considered as an emerging zoonotic disease 
‘mainly caused by Babesia (B.) micrai (Yang etal. 2021). 
‘Wild rodents and hard tick ofthe xdes genus are involved, 
in the life cycle of this parasite. Wild rodents of several 
srenera, including Peromyscus, are widely distributed in 
‘México (Ceballos 2014) and fiodes ticks are also present in 
the country (Hoftiman and Lépez-Campos 2000). In this 
respect, Ixodes (.) seupularis not only transmits B. micros, 
it also wansmits Borrelia burgdorferi the causative agent of 
Lyme disease (llloldi-Rangel eta. 2012: Feria et al. 2014). 
‘To date. there is no published information on the presence of 
‘B-microti in wild rodents in Mexico, which are a source of 
infection in humans. Taking into consideration the One 
Health focus for controlling parasitic diseases, the objective 
‘ofthis study was i determine the presence of B.micrai ia 
‘wild rodents from three Mexican natural parks located inthe 
states of Mexico, Guerrero and Michoscin, through PCR 
amplification ofthe 18S rRNA gene. 


Etiological Agent 


Babesia microti is one of the causative agents of habesiois 
jn mammals (Krcier and Baker 1987) and a tick vector, 
‘generally of the Ixodes genus, is involved in transmission of 
this parasite to mammals Briefly. when the infected ick bites 
mammalian host, generally a wild mouse Peromyscus spp. 
transmits sporazcites to it, which then penetrate a red blood 
cell; once there, they transform into trophozoites, which 
‘Renerates mature merozoites and these, rupture the red blood 
cell to penetrate more erythrocytes. When a susceptible tick 
vector bites the infected mammal, the cycle ‘continues 


(Westblade etal. 2017). Fig. 1 and 2 show a blood film of a 
‘mouse infected with B. micrai and a simplified lie cycle of 
the parasite, espectvely 


Babesia microtiLife Cycle 


Inthe lifecycle of &. microti. te interaction af L. scapularis 
‘with Peromyscus mouse is essential for the maintenance of 
the parasite in nature. The adult stages of J. scupulars feed 
primarily on deer (Odocoileus virginianus), which do not 
serve as reservoirs for B. micros, they feed again inthe fall 
and inthe spring, after which the ticks lay eggs. These eggs 
Jnatch inthe summer, and the larvae feed primarily on wild 
‘mice; at this moment, the tick can acquire B. microti. The 
infected larvae overwinter and molto become nymphs inthe 
spring. Thea, the nymphs feed on hosts from May through 
July. The nymphs that have fed molt into adults in the fll 
‘completing the tick life cycle. In areas where human 
bbabesiosisisendemic. the icks feed primarily on Peromyscus 
wild mice (Kreier and Baker 1987; Telford et al. 1993: 
Homer eta. 2000), 


Material and Methods 


Wild mice were captured from Michoacdn State, México 
State, and Guerrero State (Fig. 3) and DNA was extracted 
{rom obtained samples and kept in the DNA and Tissue Bank 
fof the Emerging Infectious Diseases Laboratory (IMSS), 
followed by a descriptive cross-sectional study. For this, DNA. 
‘was extracted from liver, ear or heart ofthese rodents, which 
previously euthanized in accordance with the Norma Oficial 
‘Mexicana NOM-062-200 (1099). From the samples, the B 
Inicrot| 188 ¢RNA gene of was amplified using the Gray type 
strain ofthe parasite as postive contol, and 1.59% agarose 
{gel electrophoresis of the PCR products was carried out t 
Perform purification and prodoct sequencing for comparison, 
‘with Gen Bank sequences (Persing etal. 1992) 


RESULTS 


‘The amplified samples showed 9% similarity to B. microti 
Regarding the percentages of positivity in 190 DNA's 
‘examined by stale for B, microti. there were 16.9% (14/84) 
from the State of Mexico; 16.6% (12/71) from Guerrero and 
{8.6% (3/38) from Michoacin 

‘The percentages of the 21 positive radents were s follows 
28.6% for Peromyscus megalops, 23.89 for Peromyscus sp 

14.3% for P. maniculatus, 9.5% for P. beatae. 4.8% for Mus 
‘musculus and 14.3% for Megadontomss sp. (Fig. 4) 


‘Citations Aguilar Figueroa BR. Bautista Garfas CR, Parez MGG and Aguilar Marcelino L 2023, Babesla microu studies 
México. In: Aguilar-Marcelino L, Younus M, Khan A, Saced NM and Abbas RZ (eds), One Heath Triad, Unique Scientific 
Publishers, Faisalabad, Pakistan, Vol 3, pp: 12-14. hetps//doiorg/0.4727Bbook oh 2023.68 


Babasia micro 


Fig. 1: Blood smear of « mows insted withthe Guay atria of 
Pabesia micrt tained ith Gietsa sain, showing trophies 
(howgaph by Cros R- Bautista Garis), 


Fig. 2: Babes microt simplified life cycle (Figue designed by 
CCaslos R-Bautst- Carts). Left the eetor Ides spp. and a 
miro sprorote: ight wild mouse Peromyscus spp. eservir of 
the parasite) and &-mcrot wophoroits inside ed blood ells, 


lg. 3: Map of México showing the States where wild ndents wee 
capa fr this study 


__> 


Peete af peti Bbenta mb Aan 


Fig. 4 Percentage of positivity of cro! in wild sodas rom 
these Mexican tts 


DISCUSSION 


“The knowledge on B. microti has heen increasing in recent 
‘years (Gray etal. 2010: Al Zoubi etal. 2016; Arsuaga etal 
2016: Primus tal. 2018: Suizova etal 2020; Pur etal. 2021: 
“Telford etal. 2021). tals indicates that this parasite may 
infect small mammals belonging to different families (Gao et 
al. 2017), which suggests tht the problem of baesiosis is 
comple, 

‘On the other hand, further research on B microti infections 
needed in Mexico because the only published study on &. 
-microttin the county shat cariedoutin humans in Yucatin 
(Peniche-Lara etal. 2018), In this context, it must keep in 
‘mind that a serious risk for human health is the fact that. 
‘micro can be tansmitied by blood transfusion (Kumar etl 
2021: O'Brien etal. 2021). Additionally, in a recent study 
researchers demonstrated that wild rodents from México, 
such as those ofthe Peromyscus genus reals infected with 
Borrelia burgdorferi, the causative agent of Lyme disease 
(Rouriguez-Rojas etal. 2020), 

With reference to alternatives for controlling babesiosis, 
Bautista-Garfas etal. (2005) demonstrated experimentally 
that using the acid lactic hacteria Lactobacillus case in mice 
controls infection by B. microti, but further research is 
needed 


Conclusion 


The results demonstrated that 8. microti present in wild 
rodents, mainly in animals ofthe Peromyscus genus, which 
live in natural parks of three states of México. There is a 
‘sk that the human population living in these areas, not 
aware of the problem and chances are there that they may 
already exposed to infection by this pathogenic protozoan 
‘Atthe same time. the population of wild mice infected with 
1B. microti and the ticks involved in is transmission is 
‘unclear which represent a major threat for human fcalth. It 
is urgent to carry out epidemiologic studies of B. microti 
land its vectors using One Health approach so that 
propriate control menus maybe applied (Hopkin 
2022), 
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INTRODUCTION 


The nematodes ofthe genus Trichinella belongs tothe Farnily 
Trichinelldae. Likewise, Trichinela belongs 10 the 
‘Trichinelloidea superfamily which has particular 
characteristics different from other nematodes (Wa et al 
1998). Currently in the genus Trichinella two main clades are 
recognized. one that includes the species that are 
cccapsulated in the muscular ussue of the host including 
Trichinella(T.) spiralis, T. native, TS, T. briovi, T8, T. 
‘muyrelli and 9 and another in which the species are not 
cocapsulated including 7 pseudospirais, .papuae and T. 
“imbabwensis. I has been pointed out that although there are 
‘no clear morphological differences between species and 
‘genowypes. yet these can be differentiated (International 
‘Comenssion on Trichinellosis, 2022), 

‘The disease caused by species of the genus Trichinella is 
Jknown as Trichinellosis or tichinosis. It should be noted, 
according to the International Organization of Epizooics and 
the Intemational Commission on Trichinellosis, that the 
‘worldwide distribution of 7. spiralis (the best-known species) 
‘hasbeen fundamentally’ influenced by humans. who 
ppasively introduced it into the North. Central and South of 
the American continent, as well asin New Zealand and Egypt 
(World Organization foe Animal Heath, 2022) 

Trichinella i a genus of zoonotie nematode that occurs in 
camivores and omnivores (mammals, including people, 
repiles and birds) and causes the disease known as 
‘Teichinellosis, which has heen a public health threat for more 
than 170 years (Murrell nd Pozio 200), In this content. i 
thas been estimated that only in Ching more than 40 milion 
people are at risk of Trichinella infection (Bai eta. 2017). 


Etiological Agent 


‘The recent application of molecular techniques has led tothe 
identification of 10 species including T. spirals, 7 nativa, T 


brit, T-murreli. nelsoni. . pseulospivals,T. papuae. 
T: patagoniensis, T.zimbabwensis, and T. chanchalensts and 
three genotypes including T6, T8,9 which have mot yet been 
ssven species status Zarlenga et al. 2020) (Fig. 1. Table 1. 
T. patogoniensis was isolated and identified in muscle tissue 
from cougar in Argentina (Krivokapich et al. 2012). More 
recently. a new species, 7. chanchalenss, was describe in 
wolverine (Gulo gulo) from northwestern Canada (Sharma et 
al, 2020), leis important to note that 7. spiralis. the most 
‘died species, isan intracellular parasite that does not kill 
the host cell but induces transformations in cll structure that 
benefits the survival ofthe parasite (Despomimier 1990) 
Trichinella species infect more than 100 species of vertebrates 
including mammals rds, and reptiles. In this respect, iis 
‘estimated that 10,000 cases of Trichinellosis have been 
‘eperted from human werldwide on annual basis. with an 
average mortality of 0.2% (Pazio 2008: Zarlenga etal. 2006) 
Trichinella larvae ate located in muscle issue and the adults 
in the small intestine for along period of time, (International 
‘Commission on Trichinellsis, 2022) 

From the clinical point of view, the effect of Trichinella 
infection in the pig (the most impectant host in many 
‘counties, including Mexico) Ortega-Picrres etal. 2000) is, 
‘minimal and practically undetectable; however, tichinellsis 
is considered an important zoonosis due t outbreaks in 
humans. It should be noted that most cases of human 
‘Trichinellosis in México have been duc o the consumption 
‘of semi-raw meat from backyard pigs (generally in 
‘celebrations and family pres) that do not undergo sanitary 
inspection (Ortega-Pieres eta. 2000), 

Generally, it shoald be noted that the most important risk 
factors im the domestic cycle of Trichinella include: 1) 
imteational feeding with food scraps containing pig remains or 
‘exposure intentional or unintentional) to dead pig careasses 
‘ald animals; 2) allow pigs to feed in garbage dumps: 3) 
feeding wild animals with carcasses or remains of hunted 
animals; 4) feeding horses with pig carcasses or animal 
‘areasses;§)feding sled dogs carcasses from other animals in 
the arcic: 6) feeding carcasses as food to fur animals, 7) 
feeding farmed crocodiles with meat from other farmed 
crocodiles: 8) feeding young crocedies with pig carcasses. It 
is worth tomentio than the domestic eycle of wichinellss 
there is predominate infection of 7 spirals in pigs and 
symantiropic hosts without affecting the health of these 
‘imal significantly, except when the infection hy Trichiella 
is severe (International Coeumission on Trichnelisis, 2022, 


Life Cycle of Trichinella spp. 


‘The new-born Trichinella larvae (NL) migrate from adult 
female worms to host lymphatic vessels, then enter in the 


Tons Bautista Garfas CR, Aguiar Marcaline L and Oropens-Guamn G, 2003. Trichinliosi: A world health problems 


In: Aguiar-Marceino L, Younus M, Khan A, Sased NM and Abbas RZ (eds), One Health Triad, Unique Seientfc Publishers, 
Faisalabad, Pakistan, Vol. 3, pp: 15-19. upside or! 047278/book obi2023.71 
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T. chanchalensis Mammals __Nothwestern Canada ‘Sharma et al. 2020 
T. papuue Mammals, Papua New Guinea. ‘Takahashi et al. 2000 
Reptils 


Fig 1: Known species of genus Tihinella (composition by Calos 
Bana Garis) 


blood vessels to he transported to skeletal muscle cells. The 


INL transform in the muscle cell to stage L, larvae, These 
larvae may survive up to two decades in polar bears and up 
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to four decades in humans. Once the Ly larvae in muscle 
tissue are ingested by a new host they are released from the 
muscle cells by gastric jules inthe stomach: then they reach 
the duodenum where these pentrat the intestinal wilt and 
transform into adult worms, which mate, and alter six to 
seven days, the females to produce NL. whose 
redaction continues for al least ane to two weeks or long 
depending on Fesponse at intestinal level 
UUnternational Commission on Trchinellsis, 2022) (Fi. 2), 
The muscle larvae can be easily recognized in an infected 
host while the adult worms are difficult to detect, which can 
only be obtained from the intestine. It is more dificult 10 
detect NL migrating in the blood of naturally infected host 
UUnternational Commission on Trichinellosis, 2022), 


Transmission 


Briefly, Trichinella wansmission occurs when a susceptible 
hast (carnivorous or omnivorous, including man) eals meat 
‘of a Trichnella infected bos which harbours infective larvae 
in muscle cells, Then. the life cycle of this parasite begins 
again as depicted in Fig. 2. (ternational Commission on 
Trichinelloss, 2 
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Fig 2: Biologie cyeleof Trichinelasptalis 1) Afioe a muscle est 
is ingested by a new hos the avai ibersed by the gas ads 
‘of the new owt. 2) Inective lave trator toto alsin he 


intestine, 3) Afr copulation the female sheds ive newb larvae 
(NL). 4.5) NLmgrate through ymph and blond, 67) NL penetrates 
a skeletal mus 

‘hich wl be 


cell apd induces the fomation of nurse cell 
a isle cyt (Figure designed by Carlos R 


Bastin Garis) 


The protective Immune reponse (PIR) vx Trichinella varies 
8 Wi the host species infect 


¢ = 


dal worm ia 


Fig 3: Me prosetive immune response against Pichia pial 
in rodents and swine (Figure designed by Caglos R. Baus 
‘Gara bse on: Mull 1985; Ball nd Wang 1987; Zhang 
2018, 


Epidemiology of Trichinellosis 


1. spiralis parasitize the demestic animals, while the eth 
species in this genus mostly infect wild animals. When there 
isimproper management of domestic and wild animals, ether 
Trichinella species are also transmitted from the wild to the 
domestic environment. Alternatively, 7, spiralis ean also be 
transmit from domestic animals to wildlife. In this respect, 
it should be noted that no systematic epidemiological studies 


nif 


of Trichinlloss have heen curied out in some countries such 

fs Mexico, Avery limited epidemiological information 
nilable regarding the prevalence of T. spiralis yet 

(Unternational Commission on Trichinellosi, 2022) 


Pathogenesis/Clinical Signs 


agenesis usually refers to humans rather than animals 
and involves two phases of the Trickinella life cycle 
inci stinal (or enteric) phase and muscular 
(parenteral or systemic) phase. During. intestinal phase 
symptoms like fever, myalgia, cosinopulia, and diarrhoea 
fvcur. In the muscle phase inflammatory and 

responses duc to invasion of skeletal muscle cells by lava 
migrans may occur. In this phase, either thee will be direct 
damage to muscle cells or indirect stimulation of 
cosinophils n thi regard, there is correlation between the 


levels of eosinophils and muscle serum enzymes such as 
lactate dehydrogenase (LDH) and creatine phosphokinase 
(CPK) (Braschi and Murrell 2002; Dupouy-C 

2002), 

Clinical signs generally are nt detetabe in animals such as 
Pigs: however in humans symptoms may appear daring the 
cute phase of Trichinlloss, which include palpebral or 
facial edema, and myalgia, which is aggravated by 
myocarditis, thromboembolic” disease and encephalitis 
(Braschi and Murell 2002) 


tal 


Immune Response of Mammals to Trichinella spp. 
Infection 


The immune response of the host against Trichinella 
infection is of both nonspecific and acquired type and 
depends on the species of infected host (Ottesen et al. 1975; 
Murrell 1985: Bell and Wang 1987), In mice and ras the 
prot 
against new bor larvae (Bell and Wang 1987: Zhang et al 
2018), while in swine its directed aginst the adals int 
intestine (Murrell 1985) as mentioned in Fig. 3. It 
depends on the Trichinella infective dose (Martines-Gémez 
et al. 2011; Wang et al. 2020) and the Trichinella species 
(Wakelin et al, 1994). I must bear in mind that dari 
infection, T. spiralis is also capable of modalate the immune 
response ofthe host; for example, depressing the preducton 
of elfetor immune molecules, such as cytokines. (Song etal. 
2019: Xu et al. 2021), 
(On the other hand, based nthe acquired immune response 
gainst Trchinella, several antigens are being evaluated as 
Possible vaccines (Zhang et al. 2018), However. other 
proaches to induce protection of the host have been 
eveloped: for example, the use of Lactobacillus casei that 
crales non-specific protection against. spiral 
infection (Bautista-Garfias etal, 1999: Bautista-Garbas etal. 
2001; Mactinez-Ciomez etal. 2009) and, recently, against 7 
britvi (Boros et al. 2022) 


ive immune response in a reinfection is directed 


Publish 


Diagnosis 


In order to detet Trichinella infection in the hosts, several 
tests have been implemented, cither to observe directly the 
parasite, or to evaluate indirectly the effector immune 
‘molecules (for example. antibodies) eliited by this. In 
accordance with Ruitenberg etal. (1983), in ceder to detect 
Trichinella larvae per gram in pigs, the less sensitive testis 
the Trichinoscopy, while the best techniques avilable are the 
igestion test (5 % 20s), pooled sample digestion (Van der 
Giessen et al. 2013: Richn et al. 2013), and the Enzyme 
Linked Immunosorbent assay (ELISA) (Venturillo etal 
1998: Gamble et al, 2004). In dhis context, it has been 
demonstrated. that western blot is a useful diagnostic 
technique for diferentiating 7. spiralis or T: brit trom T: 
pseucdspiralis(Gemez-Morales etal. 2018). For diagnosing 
Trichinella infection in human, serological tess, such as 
ELISA (Braschi etal. 2001: Gemez-Morales etal. 2008) and 
Western blo (Yera etal 2003) have been employed. 


Control 


The International Commission of Trichinellosis has 
recommended the following points for the ctmtrol of 
‘Trichinelloss (Gamble ct al. 2000; Dupouy-Camet and 
Murrell 2007) 

1 Detection at slaughlerhouse level (inorder of importance 
i.e. pigs, horses and game animals 

7 Meat processing by cooking. freezing, or irradiation. 

In this respect, China has pointed out the need to carry out 
clfective control measures (for example, educating. and 
informing the public) for controlling Trichinellosis (Liu and 
Boireau 2002). Contrary to this, when control measures fail 
‘duc to social, political and economic factors, Trichinellosis 
re-emerges (Djordjevic etal. 2003) Ithas been suggested that 
for controlling Trichinellosis, monitoring Trichinella 
infection in wildlife could help (Van Knapen 2000). The 
changing global condition such as demographic, climate 
change, and socioeconomic change affected the parasitic 
diseases, so there isthe need for new tinsdiseiplinary control 
approaches (Thoisy etal. 2021). 


Conclusion and Perspectives, 


‘The published information about Trichinella and 
Trichinellosis indicates that this neglected zoonosis is not 
completely understood. Several advances have been 
achieved, including the discovery of new Trichinella species, 
although ther life eyeles are partially known only. Its also 
true that the diagnostic tchniques have improved 
(Gerological and molecular), and treatment of the disease in 
Ihumans is effective. However, we do not know how 
socigeconomic changes climate change and the continucusly 
‘growing human populstion invading waldlife will impact on 
animal and human tichinelloss, so much research should be 


‘One Health Wied 


carried out under the One Health scheme to implement 
fective control measures. 
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INTRODUCTION 


Myiasis is a condition caused by larval stages of diferent 
types of flies belonging tothe order Diptera that attack tissues 
and organs of vertebrate animals, including man. The word 
myiasis is derived from the Greek word myia meanin 

‘On the other hand, this chapter isnot an exhaustive review of 
fics causing myiasis, it rlers to some of the most important 
myiasis, primarily in farm animals of economic interest (Hall 
and Wall 1995) and secondarily. in man (Francesconi and 
Lupi 2012: Hosni et al, 2019). In this context, myjasis- 
producing larvae are important because it produce economic 
Tosses in farm animals which are source of infestations in 
Inumans. This situation is aggravated by factors such as the 
‘growing human population, climatic change, andthe lack of 
proper control measures of myiasis-producing larvae. Under 
there circumstances, the One Health approach offers a viable 
ccntro allerative. 


Etiological Agents 


‘The major myiasis causing larvae belongs tothe estrus ovis 
Hypoderma spp. Gasterophilus spp. Dermatobss hominis, 
and Cochliomyia hominivoras 


estrus ovis Linnaeus 


0. ovis Fig. 1) is a species of fly widely distributed in the 
‘world, The larvae are obligate parasites ofthe nasal passages 
‘of sheep and goats (Yilma and Dorehies 1991: Hall and Wall 
1905: Cepeda-Pulacios etal, 1999; Murguia eta, 2000: 
YYacob etal. 2004) and occasionally aflet other species such 
as man (Hall and Wal, 1995) and dog (Zanzani 2016). The 
female normally deposits active youn (L:) larvae frm early 
summer oF fll in nostrils of host (Fig. 2). Then larvae enter 
thos sinuses, often to the base of the horn and attaching tothe 


Fig 
vty adult 
(Pisograph 
Carlos 

Bauist-Gartas) 


estrus 
ty. 

by 

R 


pica eel of estrus vis. (Photograph by Calor R 
Battsa Gass) 


mucous membranes (Fig. 3), Larvae of different stages of 
development (Lj, Ls, and Ls) can be found here. The larvae 
reach their maximum development (Ls) in the following 
spring. with their larval period of 8 to 10 months (Fig. 4) 
(Halland Wall 1995). 

‘Generally, the pupal period lasts between three to six weeks, 
sometimes much longer in areas where low temperatures 
Prevail, Adults can live up to 28 days, The complete 
Aleyelopment of the parasitic phase, in lambs bora im the 
spring ca be fom 25 to 35 days (Halland Wall 1995). 

In the presence of O. vis fy, sheep and goats become very 
sgitated, shaking their heads, thrusting their nostrils into the 
dust, snorting. In parasitized animals, there is a purulent 
discharge from the nostrils. vigorous shaking ofthe head and 
the animal become emaciated. The infestation by O. ovis 
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Fig. 3 Qestas ovis 12 in frontal sims of sheep (arom) 
(Phocograph by Carlos R. Buusta Cartas) 


Fig. 4 estrus ovis Lo goes out sheep ost Phatograph by 
Gaios R. Bautista Carfias), 


larvae generally isnot fatal; however, some animals can die 
‘within a week or les alter the appearance of aggravated signs 
{secondary infections produced by bacteria) (Horak 197). 
Diagnosis is difficult since ean be confused withthe signs 
caused by other diseases. However, based on the 
[knowledge that sheep and goats mount an immune response 
guint the Irae (Bautista-Garfias 1987: Bautsta-Garfias 
1906; Tabouret eta 2003), serological tests ean detect IgG 
circulating antibodies against the larvae (Bautista-Garfias 
ft al, 1982; Bautista-Garfias et al, 1988; Otranto etal 
2004), 

‘On the other hand. there is occasional occurrence of human 
cases of O. ovis infestation infecting the eyes (Belt etal 
2006: Singh and Singh 2015; Basmaciyan et al. 2018: 
Tabuenca-del barvio etal 2018) and pharynx (Hazratian et 
al. 2017). With respect to the control, One Health approac 
hhas been proposed in order to effectively control. sheep 
myiasis and to increase sheep production (Colvell and Wall 
2018), 


Hypoderma spp. 


Hypodermosis is caused in cate by the larvae belonging to 
the genus Hypoderma, widely distributed in the northern 
hemisphere (Hall and Wall 1995: Boulard 2002; Wei et al 
201M). H inearup (de Villers) the coma larva of cattle 
is found throughout the U.S, Canada, and northern Mexico 
HL bovis (Linnaeus) iste larva of north-eastern eatle and is 
found in Canada and the north-eastern USA. H.boviv adults 
induce a kind of fear or dread in eatle that makes ther run 
uncontrollably. potentially injuring themselves and causing 
decrease in milk production. Although the adult fly does not 
hate or sting it ean induce such fear. Adults resemble bees. 
‘wich are offen called “hee fies" (Fig. 5) Hypoderma adults 
tre present for four to six weeks from early spring to eatly 
summer (Broce 1985). H. bovis eggs are attached 
individually om the Mank or lower abdomen: those of H. 
Tineatum are glucd in rows of 3 to 10 on a single hair on the 
forelegs, chest, or lower body. They hatch in approximately 
four days and, after penetration of host's skin, the larvae 
‘ees irritation and exudation, The total preduction of eggs 
hy a single female fly has been estimated to range between 
500 and 800, which dies a short Gime later, as it has no 
‘mouthparts and is unable to feed (Broce 1985). 

The larva spends 9 to 10 months migrating as an internal 
parasite (Ly, La) before emerging as Ly from (Fig. 5) the host 
to pupute and become a short-lived adult in the following 
summer (Fig. 6). The active larva Li spends much of its 
Parasitic period in migrating through the intermuscular 
‘connective tissue tothe subcutaneous tissue of the back (lin) 
Fig. 7). However, there isan important wintering period in 
fr around the spinal cord in H. bovis, or in the macosa of the 
‘oesophagus in H. linatum (Broce 1985). This migration 
‘often follows the course of nerves, avoiding bloc! vessels 
and museles. When L; reaches the back (loin), it develops 
into Ls, cutting a one to three mm diameter hole in the skin to 
bret through ts rear breathing spiracles. Abis stage, host 
Feactions give rise to fibrous cyst that forms around the 
larva. Shortly thereafter, L transforms into Ls, which is much 
larger. approsimately 25 mm long, brown in colour, and has 
armour lke features with spines (Fig. 6) 

Aller 6 to 11 weeks, the larva emerges from the brewing 
hole in the skin of the hack, falls tothe ground and pupates 
affer burrowing into a dark brown puparium (Fig. 8). The 
stage, ofthe development tothe adult, lasts approximately 35 
slays, depending on the climatie conditions but it can be as 
short as two weeks under optimal weather conditions. The 
‘ual then emerges by pushing off the pupal cap, and then 
‘coms to the surface to prepare for flight Broce 1985; Hall 
and Wall 1995), 

‘The adult, without effective mouthparts, isa reproductive and 
dispersal phase that dies approximately six days after 
‘emerging. ‘Theit success in the distribution of the species 
depends on prevailing weather conditions, which limit their 
activity and their ability to find a breeding partner and 
Potential animal host (Hall and Wall 1995), 


Unique Scientific Publishers 


Q 2 
See 


Fig Lifecycle of Hypoderm spp 1 raid female ues her 
to host ir, 2, The fist instar larvae (L:) grt oars the Back 
‘ofthe bovine where they past the second instar (L3-3, A ibeous 
‘jst forms around te larvae; 4, The 2 transfor int hid ina 
larvae Ls) that alto the ground. 5, L3s tnsorm into pupa. 
‘Adults are bon fon the pa. which then mat. (Photograph by 
(Carlos Bats Carfas) 


Fig 6: Hyper spp. (Ptogrpnby Cask Rtn Cas) 


Bconomic losses for the control and the production costs in 
USA as estimated by the USDA 1976 were close to 360 
million US dollars. Much ofthis is due to costs of systemic 
insecticides in beef eattle and non-lactating dairy cattle. The 
largest losses due to Hypaderma larvae are those that are 
‘obvious on slaughterhouses such as devalued carcasses, lose 
of condition, and damage to hides (Broce 1985). As in the 
fase of O. unis, calle mount immune responses against 
antigens from Hypoderma larvae (Baron and Colvell 19913), 
thus serological diagnosis has been shown to be possible 
(Ovanto ct al. 2004) and even immunize cattle agains 
Hypoderma (Baron and Colwell 1991b). 

‘Hypoderma larvae, occasionally cause myiasis in tissues of 
hhuman beings i. skin (Morgan et al. 1964: Logar et al 
20K), eyes (Lagacé-Wiens et al. 2008), groin and testicular 
region (Puente ct al, 2010), muscles (Star etal. 2009) and 
even inthe lymph (Seott 1964). 
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Nodules eaused by Hypoderma larvae 


Fig. 7: Nodules produced by Hypoderma larac on buck of 


pasiized cate (Phoograph by Calos R- Bauts-Garas) 


(Photograph by 
Caton 
‘Bouist- Cartas) 


Gasterophilus spp. 


Gastrophilosis in horses, donkeys and mules is caused hy the 
larvae of flies belonging to the genus Gasterophilus 
dlistribated worldsride depending on its association with the 
host. The most important species are G. intestinalis (De 
Geer), G. nasulis (Linnaeus) and G._haemorrhoidalis 
(Linnaeus) (Broce 1985; Principato 1989; Pandey etal. 1992: 
Hall and Wall 1995; Otanto et al 2008), 

Adults ofall three species have atrophied, non-functional 
‘mouthparts and are therefore short-lived. Females begin to 
oviposit Daring this activity. the 

attached to the host's body hairs. The site of oviposition 
varies with the species, and all newly hatched larvae (Li) 
penetrate the subeutancous tissues of the mouth (ips 
‘gums, and tongue) where they spend three weeks. After this, 
lime, larvae move tothe stomach or smal intestine mucosa 
and transform into second-stage larvae (Ls), which after 
several months become third-stage larvae (L) that detach 
on their own and go outside with the faeces. Pupation takes 
place in the upper layer of the soil under the manure. 
Subsequently, the adults emerge between a few weeks to 
too months later, depending on the climatic conditions 
(Fig. 9) (Otranto et al. 2008), 
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lg. 9 Life eyle of Gasteuphlus spp. Photograph by Caos 
Baus Gaia) 


1: L of Gastro spp (Photograph by Carlos K. Bautista 
Garis) 


G. intestinalis (ne hoese fy) females may lay up to $00 10 
1.000 egas. They oviposit as they fly. hovering near the host, 
cccasionilly darting toward it to lay an egs. The eggs 
‘generally are glucd to the internal side of the front legs 
hhowever, they can be found in other sites. The genera 
incubation period for horse fly eggs is approximately five 
lays. After a short time in the mouth, they attach to the 
‘mucosa ofthe stomach and remain there approximately for? 
‘to 10 months, and then Ls larvae pass out alang with the faeces 
(Fig. 10), Adults are active in early summer (Broce 1985). 

G. nasals (he throat ly) glues its eggs tothe hair of the host 
‘under the jaw Each female is eapable of producing 450 to 
‘500 eggs and. its oviposition activity is extremely 
troublesome forthe affected horses. These eggs can hath in 
four to five days. Hatched larvae move along the skin into the 
horse's mouth and they penetrate the soft tissue. In 


approximately 20 days, larvae move toward the stomach to 
altach tothe stomach or duodenum mucosa. Finally, Ls larvae 
‘come out with the faeces. Much ofthe adult activity takes 
place in late spring or early summer (Broce 1985). 

G. huemorrhoidalis (the nose fy) isa fast Mier and females 
attach their blackish eggs to the hats onthe (upper and lower) 
lips of horses. Each female usually ays 160 ges, wich hatch 
in two days stimulated by humidity. The young laryae (L) 
alter penetrating the tonigueo lps, migrate to the stomach or 
‘duodenum. Then, L3 larvae reattach 1 the wall ofthe rectum, 
loge to the anus fr two to three days (Otranto etal, 2005), 
Both adults and larvae of Gasterophilus species cause 
damage (Broce 1985), Horse's reactions 0 ovopesiting 
females can be violent. L larvae cause irtation when they 
burrow and move into oral iss, Larvie adhered to the walls 
fof the stomach and ducdlenum interfere the procest of 
digestion, and may cause peritonitis (Lapointe et al, 2003) 
‘Animals parasitized by Gasterophilus larvae gain’ weight 
‘more slowly than non-parastized horses (Principato 1989) 
‘According to the avatlable literature i is indicated that 
Gasterophilus spp. larvae parasitize almost all horses. G. 
iestnalis is the most prevalent species in USA and the 
infestation rate is almost 100% (Broce 1985). Its worth to 
role that studies carried out in central Italy suggest the 
tendency towards extinction of G. inermis, G: pecorums and 
G. huemorrhoidais, while the most prevalent species ar G. 
iniestinalis and G. nasal (Otanto et al. 2005). Similarly, a 
study carried out on donkeys in Morocco showed that G. 
iestnalis and G. nasalis are the most prevalent species 
(Pandey tal. 1992) 

‘The diagnosis of gastrophilosis can be carried out with 
serological tests in horses and donkeys (Escartin-Pefia and 
Bautsta-Garfias 1993). Gasterophilus myiasis cases in man 
ae rare such as external ophtalmomyiasis (Medownick etal 
1985), oral myiasis (Townsend et al. 1978) and pulmonary 
myiasis (Ahmed and Miller 1969), 


Dermatobia hominis 


‘The neotropical fly, Dermatobia (D-) hominis is a cause of 
severe losses i the beet, dairy, and bovine lather industries 
from north-eastem Mexico to north-eastern Argentina (Fig 
11), The life eyele is very complex and requires a lying 
authropod to transport its eggs to a mammalian vertebrate 
‘which include cattle, dogs, cas, pigs and man (Sancho 1988: 
Pereira Da Silva etal 1998; Brizuela etal, 2003; Maier and 
Honigsmann 2004; Saraiva eta. 2005). The adult ty is botle 
blue in colour, Adults can't feed because of atrophied mouth 
parts (Sancho 1988). 

‘The life cyele lasts between 100) to 120 days. Larval 
development is completed in 5 to 10 weeks, after which the 
mature larvae leayes the host and falls to the ground, After 
mating, the female lays her eges on another insect (usually 
another fly ara mosquito) which transports them toa warm- 
blooded vertebrate host, after which the larva hatches and 
penetrates the skin of the new host, 
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Fig. 1: Dermatobia hominis disibuton in Americ, from nor 
‘astern México to noth easier Argentina. On th left is shown 8D. 


hominis Ly Figure designed by Catlo Re Bawia-Catfus), 


Fig, 12: De mins lifecycle. 1, The adult Aly hatches 
fram the pup Mating between mae apd emule 3, The ferlized 
female capes. 4, An insect vector and ovpostoni-5, The vector 
traspor the egs tothe host and fren euch epg. 6A larva TL) 


hatches that penetrates the skin to give tse to nodules where i 


esforms7 unto Larva 2 (La) and mates 8, upto larva 3 (Li) 


Toe al ote ground, 9 and wansoxm into pups. 10 frm which 
a itago emerge to continue the cle. (Photograph by Carlos R. 


Batis Garis) 
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have been recorded (half are mosquitoes and one third are 
ther fly species). Egg development requires 4-9 days and 
hatching is stimulated by increase in temperature, which 
fccurs when the eggs are on a warm-blooded hs. At this 
Pint, dhe larvae lave from the egg and enters to the host skin 
Ivich occurs between 5-10 minutes (Fig. 12) (Sancho 1988), 


The thd instar larva is elongated and oval in shape, with 
belts of seattered spines and shows prominent mouth hooks 
(Fig. 13) (Sancho 1988), 

The larvae are located on various parts ofthe body causing pin 
to the host. After larva is removed, and in the absence Of & 
secondary infection, the condition resolves approximately in & 
‘week. In Breil, more than SOS of the nodules caused by 
Dermatohia were located on the lelt se of the body. The 
Preference ofthe bovine host to rest om it ight side could be 
the reason fr this asymmctric distribution (Sancho et al, 1996: 
Pereira Da Silva ct al. 1998; Oliveira-Soqucira ct al. 1996). 
The mature larva emerges from the mammalian host alter 
three months and pupates on the ground, and after a month 
the adult fly emerges (Fig. 12). The Ly larvae emerge from 
the host nodules and falls to the oi, then forming a hardened 
pain two to three days. The pupal stage lasts from 4 10 11 
{Sancho 1988) 

Reports of D. hominis myiasis in man are common 


(Toussait-Caite et al, 2018; Martinez-Hemindee tal 
2019), In America, the countries with the highest infection 
Fates in travellers ae Belize, Bolivia, and Brazil (Villalobos 
et al, 2016). 


Cochliomyia hominivorax 
inci 


Almost ll warm-blooded animals, rman and 


‘occasionally birds, are hosts fr the larvae (scewworms) of 
Cochlioonia (C) hominivorax. Cate. horses. sheep. pigs 
and dogs are frequently parasitized by this arthropod. If left 
untreated, screwworm-infested wounds can be fatal (Vargas- 
Terin etal. 2021), 
Before starting the control program of release of sterile males 
(Davidson 1974) developed by  entomologisis of the 
cultural Research Service (ARS). Department of US 
culture (USDA, the screwworm of catle was widely 
distributed throughout the tropical and subtropical areas of 
the American Continent fom the Southeast US to 
northeastern Chile. In 1982, the US was declare free of the 
screwwvorm and, then the parasite was controlled towards the 
south (in October 2000), and Costa Rica was declared fre of 
the serewworm (Kouba 2008) The most successful technique 
for controling serewworm was the use of the sterile insect 
technique (Vargas-Terin tal. 2021). 
The adult ly of C. honinivarax is approximately wo to three 
time larger than the common housefly and is metalic Bue or 
blue green in colour. Female fly lays eggs onthe skin around 
fresh or nectotic wounds. A wound of skin or mucous 
membranes is gencrally roquited to invade the host tissues. 
The eggs harch between 12 t0 24 hours an the larvae feed 
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Fig. Be 

A Derrobia 
q mins Ls larvae 
4 (Phetogaph by 


Carlee Re Bautista 
Gastas) 


Fg, 14: Cochlomyia hominivonas life cyte: L, The gravid female 
‘vipsitin a wound. 2. Larvae (Li) hah frm the e385 ht fed on 


‘he Wound sn then anor nie fst ard ater 3. he mate 
larva (als tothe ground and bares tl 4 Ls pupats 5, Pupue 
teansorm ino adults 6 the mule an fete mat. T, The gravid 
female searches fr 8 wound on a warnt-bloed host 1 ovpost 
(Phocograph by Cats Re Buus Crs) 


fn the wound in a characteristic postion (head down and 
spiracles towards the wound opening). The larvae continue to 
develop for the next 410 10 days, growing to a length of 
‘approximately 17 mim. After this time, they fall out of the 
‘ound and then transform to pupa inthe soil. The pupal stage 
lasts from a week to three months approximately (Fig, 14) 
(Vargas-Terin etal. 2021), 

Females characteristially mate only once and lay their first 
set of eggs 5 to 10 days alter emergence. They may 
subsequently’ lay egg masses every thre dys during their 
lifetime. The life cyele during the summer is 24 days on 
average (Kouba 2008), 

. hominivorac sa true obligate parasite that requires living 
tissue to fed, Itcannot grow on carrion, although an artificial 


medium for culture has been developed in the laboratory 
During feeding, the larva forms characterise pockets in the 
affected tissue. Several livestock management procedures 
such as castration, dehorsing, and hotiren branding. often 
‘reate oviposition sites (wounds) that atract female fly. The 
untreated navels of newborn calves in infested arcas are 
frequently attacked. Screwworm-infested wounds are 
increasingly attractive to gravid flies. Consequently, the 
syndrome is sel- perpetuating in endemic areas and the usa 
results death of the host. IC. hiominovorax populations are 
ft monitored, 20% or more ofthe animals om farm may Be 
affected. In the 1980s, ranchers in the USA. volunteered to 
report cases of screwworm myiasis, and in many cases 
‘modified their management practices lo reduce screwworm 
Problems, In this sense, the breeding programs were altered 
to produce calves during the winter months (free o flies) and 
the herds were carefully monitored to facilitate prompt and 
timely treatment of wounds (Kouba 2008), 

In complementary programs, Known populations of 
hhematophagos arthropods that attack calle and similar 
animals were studied, In this respect, acaricide-impregnated 
Plasic car tags were widely used t9 suppress car tick 
populations that were later invaded by screwworm (Vargas 
tnd Hall 1989: Vargas-Tersn 1991: Vargas-Tersn etal. 2008, 
Vargas-Terin 2015: Wyss 2000; Bowman 2006). 
Chiominivora larval infestation in humans generally is a 
wound myiasis, which can he very severe with penetration 
tnd destruction of the underliying issue. When the 
infestation occurs inthe nose or ears. the fatality rate is high 
if untreated (Prancesconi and Lupi 2012; Barros and 
Bricarello 2020; Notejane etal 2021), 


Conclusion 


Myiasis in animals and human is caused by the larvae of 
various species of fly which needs ta be controlled as it 
‘causes huge economic losses in the animals, The situation 
tay be aggravated by various factors including growing 
‘human population, climatic change and lack of proper control 
measures. One health approach showed is efficacy when 
rapid control ofthe New World serewworm (C: hominivoras) 
tuthreak in Florida was achieved in 2016-2017. So, under 
these circumstances, one health approach offers a viable 
‘contro alternative. 
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INTRODUCTION 


Climate change has emerged a the most serious global treat 
inthe las few decades. It has wide range of impacts limited 
‘not only to the environment or the ecosystem but als on the 
soeigeconomics and the politics of the world. Its an inter- 
governmental issue which needs an organized and 
cooperative response from all the countries (Dantas-Torres 
2015: Abbass et al. 2022). In 2015, United Nations 
Framework Convention on Climate Change (UNFCCC) in 
Paris struck an agreement between 195 countries to play their 
role in fighting the global climatic change by reducing 
emission of greenhouse gases and limiting the tise in 
temperature to 1.5°C (Burleson 2016) 

‘The changing earth's climate like global warming, iregular 
‘weather patters, changes in humidity and pressure levels, 
cleyated sea level and melting of glaciers poses sustainable 
threat tothe ccosystem, It causes disappearance of biological 
‘communities. changes in biodiversity and alterations in the 
‘geographical distributions of species ultimately afecting the 
‘human well-being (Dantas-Torres 2015: Pedrono etal. 2016: 


‘Khana etal. 2022), The similar isthe case with ticks which 
spend a major part of their life off from ther hosts i the 
‘environment (Gray etal 2009; Nuttall 2021). Their survival 
in the enviconment is dependent om the host availability and 
climatic factors like temperature, humidity, and vegetation 
‘coverage (Tomkins etal 2014; Kaba 2022). Thus, the climate 
change directly affects the distribution, abundance and the 
hhost-secking behaviour of ticks (Leger eta. 2013). 

In the last few decades, the prevalence of ticks has increased 
showing the positive effect of climate change towards ticks 
(Cunze etal. 2022) Apart from increased tick prevalence. the 
impact of climate change onthe host's behaviour is also an 
important factor in the emergence of a disease (Gray and 
‘Ogden 2021). Ticks act a vectors for transmission of various 
diseases incliding the zoonotic diseases to both the humans 
‘and animals. These include bacterial viral, protozoal and 
nematode infections collectively relerred as tick-borne 
diseases (Sonenshine and Roe 2014). Both the inereased ick 
Prevalence and the rise in magnitude of tick-borne zaonotic 
diseases are of great concer with life-threatening potential 
in humans and animals (Cerny etal. 2020; Hromnikovi etal 
2022; Johnson eta. 2022). 


Life Cycle of Ticks 


Before we go into the detail of the impact that climate change 
‘exerts om ticks and the icks-borme zoonotic diseases, thee is 
‘anced for in-depth understanding of tick life cycle. Ticks are 
the blood sucking ectoparasites of vertebrates which have 
‘main four developmental stages, namely eges, lara, nymph 
and adult in their if cycle (Montales eta 2016). The larvae 
hatch from eggs, feed on hosts and drop off on the ground 
‘where they develop into nymps. These nymphs again find 
hosts, feed and again drop off where they undergo final 
molting into adults. These adults again attach to the hosts 
where they mate and dhe female drps off for eggs laying on 
the ground (Naseer etl 2021), From te life eyele it's very 
clear that most ofthe ticks’ life span is spent in the open 
‘environment and are found attached to their hosts only when 
feeding is required (Dantas-Torres 2010: Estrada-Pefia etal 
2012; Cunze et al. 2022). For survival in the open 
environment, they require certain climatic conditions like 
high humidity and rainfall wo avoid desiccation anda suitable 
photoperiod and sunshine for proper molting (Belozerov 
1989: Bsrada-Pefia etal 2013; Gray etal. 2016; Ogden etal. 
2021). Thus, any change in climatic conditions dlectly 
affects the ticks survival 


‘Citations Salman MI, Abbas RZ, Nawaz MY, Plohsin M, Ahmad MW, Shaulat A Aleem FIT and Shaukat, 2023. Impact of 
climate change on ticks and tcks-berne zoonotic diseases. In: Aguilr-Marcalino L, Younus M, Khan A, Saged NM and Abbas 


RZ (eds), One Health Triad, Unique Scientific 


expe/doi org! 0.4727B/book.ob2023.73 


Publishers, Faisalabad, Pakistan, Vol. 3, 


pe: 28-33. 
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Impact of Climate Change on Ticks 


‘As described earlier, ticks rely on complex set of biotic and 
lotic factors or their survival. However, climate isthe key 
factor that determines the prevalence of ticks in a specie 
trea and alles the tick-hos-pathogen interactions, thus 
‘opening new areas for ticks invasiveness and pathogenic 
‘wansmission (Estrada-Pefa et al. 2012), Climate change 
affects the ticks both by direct and indirect means via 
affecting their survival reproduction, activity, habitat and 
their hosts (Ogden etal 021), The major impacts of climate 
change on ticks are discussed below 


Direct Effects 
Changes in Geographical Distribution 


Climate change has a strong influence aver the quality of 
‘nabitat and hosts abundance fr ticks (Simon et al. 2014; Li 
tal 2019) Irmay be either beneficial tothe tick growth or 
may adversely affect the ticks. However. in the last few 
ces, there has been observed a continuous expansion in 
ticks geographical distbution even towards higher altitudes 
(Gray et al 2009; Jaenson et al. 2012: Leger etal. 2013: 
Medlock et al. 2013). This is because of increased 
ceavironmental temperatures along with changes in runfall 
pattems which have enabled the ticks to establish new 
extended areas of their prevalence (Dautel et al. 2008: 
Keesing etal. 2018) This can be explained with the example 
of Ixodes ricinus tick whose spatial distribution hs extended 
to areas in Earope where it was not recorded previously 
(Cunze etal. 2022), Furthermore these climatic changes also 
favour exotic species in establishing themselves in new areas 
like an Asian native tick Haemaphysalis longicarns i now 
prevalent in America (Raghavan etal. 2019; Nattall 2021), 
Moreover, there are predictions of tremendous increase in 
global distribution of ticks and inter-continental translocations 
(Léper Ganzilez et al. 2021; Homok eta. 2022) 


Effect on Tick Seasonality, Phenology and Climatic 
Adaptation 


‘Ticks have a specific pattern of their seasonal activity 
depending onthe weather conditions which favour their host 
secking behaviour. These weather conditions include 
ambient temperature, relative humidity. light intensity and 
‘photoperiod (Waladde and Rice 1982: Belozeroy tal. 2002: 
Ostfeld and Brunner 2015: Heath 2021). Warm climate 
‘causes an adyancement both ithe resumption of actyity in 
slispaused ticks as well as the eggs hatching, thus, inuencing 
tick phenology. Over a 19 years period in New York, in the 
‘warmer years, odes scapularis ticks phenology has been 
shown to advance by 3 weeks compared tothe colder years 
(Levi etal. 2015). The tick activity of temperate areas is also 


on ise duet climate warming (Moore etal.2014; Monaghan 
‘tal, 2015). This seasonal effect is more pronounced in the 
licks having exophilic behaviour (Estrada-Pefia etal, 2012 
‘Ogden et al. 2021), This seasonal effect is evident from the 
fact that, in Brazil, Rhipicephalus mieroplus tick spends a 
constant duration of almost. 21-23 days on the host 
imespective of the season but off the host, this duration is 40- 
50 days in summer and spring while 70-120 days in winter 
and autumn (Cruz etal. 2020), Moreover. ticks of the same 
species have an ability of adaptation to different climatic 
‘Sonltions, This adaptation can be sen in questing behviour 
meng different popalations of same ick species in diferent 
areas, Ticks are dle to adapt to different climates because of 
the adaptive evolution and the allered gene expressions in 
ticks sensory systems (Simo etal. 2014), 


Effect on Tick Reproduction and Development 


Climate change is believed to positively affect the ticks’ 
reproduction and development, This positive efect ean be 
cen in terms of increased abundance of ticks ina specific 
trea. This is proved in a study in Russia where an increased 
shundance of Ixodes ricinus ticks was observed over the lst 
535 years with a 5°C inerease in autumn and late summer 
lemperatures (Koretkov etal. 2015) This shows temperature 
tobe the mest critical factor for ticks reproduction and 
development. I affects all the stages of ticks starting from 
‘eg laying to questing adults. I has inverse relation with 
the duration of ticks development, i, the duration is shoter 
if the temperature is high and vice versa. Thus the warming 
‘earth's climate leads to shortening of ticks lite eyele (Ogden 
tal, 2021), For example, Irodes scapularis tik in Canada 
takes 3-4 years for completion of its one generation cycle 
‘compared to 2 years in USA. Moreover, ticks exhibit 
behavioural and developmental diapause mechanisms to 
void fatal environmental conditions. Climatic temperate, 
as the main facto, modulates these mechanisms and as the 
feonditions become favourable, these ticks resume thelr 
activity (Ludwig et al. 2016) 


Indirect Effects 
Effect on Susceptible Hosts 


‘Ticks abundance in a specific area has a strong co-telation 
with their hosts availability. Any change in the hosts 
popalation directly alfects the ticks ecology and evolution. 
‘These hosts are necessary forthe completion of reproduction 
‘yele in ticks (Gilbert 2010; Estrada-Pefa et a. 2020) Ticks 
[get ther blood meal and in turn, cause anaemia, weight loss, 
Secondary infections and behavioural modifications in these 
hosts (Leger etal. 2013). These negative effects of ticks 
allect the breeding performance and survival oftheir hosts, 
thus, leading to allerations in host population dynamics 
Marcover, when new tick species invade a new area due to 
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the climate change, there occur several interactional changes 
in the community. As a result, some hosts may be favoured 
‘while others may be exploited (Tompkins etal. 2011), For 
cxample, Rhipicephalus (R) microplus ticks are specifically 
the cattle ticks. But New Caledonia invasion by R-micraplus 
ticks in 1942 lead to adaptation of rusa deer as their hosts. 
Initially regarded as poor host, it took almost 250 generations 
by R. mieropls ticks to fully adapt to this host and are now 
existent as separate independent catle and deer adapted 
populatiens (Bare e a. 2001; De Meets e¢ al. 2010). This 
[ind of adaptation is the key mechanism which helps ticks in 
their survival in the changing climate and maintain their 
biodiversity (Magalies etal. 2007). 


Impact of Climate Change on Ticks-borne Zoonotic 
Diseases 


All the bacterial, viral or parasitic diseases which are 
‘ransmitted from animals to humans are referred as the 
‘nonotic diseases (Sonenshine 2018). Of all the infectious 
diseases, 60% are zoonotic in nature (Jones et al. 2008). 
‘Transmission of these diseases occurs through different 
routes lke direct contac, inhalation and ingestion or may be 
‘vectored by arthropods (Kaakari etal. 2015). Among the 
arthropods, ticks transmit the largest umber of zo0not 
diseases than any ther arthropod (Durden 2006). According 
to CDC in USA, annually 98% ofthe $0000 notifiable locally 
acquired vector-borne diseases are tick-borne (Adams etal 
2016: Paddock et al. 2016). These ticks-borne zoonetic 
fiseases are of great public health importance with an 
increasing worldwide incidence, This increasing diseases’ 
incidence i alributed to the climate change which has direct 
influence over ticks abundance and survival, host availability 
and pathogens transmission (Dumic and Severnini 2018), 
‘Some of the ticks-borne zoonctic diseases include Lyme 
disease, tick-borne encephalitis, Crimean-Congo 
Hemorrhagic Fever, rickettsioses and tularemia (Fritz 2009). 
These diseases are directly related 10 ticks for their 
transmission. Thus, any climate change which alleets the 
ticks either directly of indirectly would certainly have an 
impact on these ticks borne diseases (Ghafur etal. 2021), 


Lyme Disease 


Lyme disease of sometimes referred as Borreliosis is a 
bacterial disease caused mainly by Borrelia burgdorferi. tis 
‘zoonotic disease transmitted through bite of infected odes 
‘pp. ticks (Millset a. 2010). As describe earlier, these icks 
ps through thrce developmental stages and complete their 
lite eye in 2-3 years depending om the climatic conditions. 
The climatic eonitionsresuking from global climate change 
hhave resulted in higher ticks prevalence through increased 
tick survival and host availability (Dumic and Severnini 
2018). As a result, Lyme disease cases are increasing across 
the world. For example, in Canada in 2008, enly 40 cases of 


‘One Health Wiad 


Lyme disease were reported. During 2009 to 2015, these 
‘ses rose from 144 (0917 showing a six-fold increase (Koff 
and Gasni 2019). Tis increased incidence of the disease in 
‘Canada was linked tothe northward geographical expansion 
‘of Axodes seapularis ticks (Kofi and Gasmi 2019). These 
licks rely on white-footed mouse as ther primary host, Ths, 
the increased abundance of white-ooted mouse favoured by 
climate change reslted in increased prevalence of Ixodes 
ticks ultimately leading to increased cases of Lyme disease 
(ils et al. 2010; Roy-Dulresne et al, 2013), Siilarly, the 
‘ese data over the period of years 2001-2017 in USA indicated 
tn increased incidence of Lyme disease in association with 
levated annual climatic temperatures, This climate-isease 
‘association was most prominent in the northeast of USA 
(Couper et al. 2021). Inthe northeast there was observed an 
sssocaton between the ticks, rodents and the climate change 
(Ogden etal 2018). If this scenario continues in the USA, 
there is a prediction of 20% increase in Lyme disease 
incidence inthe coming years (Dumie und Severani 2018) 


Tick-borne Encephalitis 


Its viral disease caused by tick-borne encephalitis virus of 
the Flavivinus genus, It is zoonotic in nature with humans 
sctng as accidental hosts while small mammals as the min 
reservoirs, Itaffects the central nervous system ofthe humans 
and is distributed in Europe, Caucasus. Kazakhstan, Russia 
and China (Nah et al. 2020; Rubel 2021). In the past few 
decades, there has been observed continuous rise in tick 
home encephalitis cases across the globe. It has been 
recorded even in those areas where it was previously absent 
(Daniel etal. 2018: Riccardi etal. 2019), 

Inistypically a seasonal disease linked to Ixodes ricinus ticks 
and particularly their nymphs. The disease transmission 
between ticks and hosts occurs through different routes like 
systemic, non-systemic and sransovarial methods. In the 
sstemie method, the transmission occurs ina eyele where 
the infected ticks bite the hosts and transmit pathogens to 
them. Then the non-infected tick bite the infected hosts and 
lake up pathogens with the blood meal and transmit these 
pathogens to ether non-infected hosts while feding on them, 
thus, the systemic eyele continues soon. Inthe non-systemic 
rithod, the transmission occurs between infected and non- 
infected ticks through co-feeding on the same host before the 
pathogen has established itself in the host for systemic 
transmission. In the third tansovarial method, the pathogens 
fare transmitted from the infected females to the ‘next 
‘generation throug their egys (Nah etal. 2019), 

‘Among the various factors tht influence the transmission of 
tick-borne encephalitis, climate change isthe most important 
‘one Itdirctly afects the ticks’ survival and movement, their 
Feproduction and ther ological interactions (Won etal 
2022), The climate change leads to sustained tick-borne 
‘encephalitis disease transmission through increased. host 
availability, increased tick abundance and extended periods 
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‘of questing which allow co-occurrence of infected and non 
infected nymphs and larvae (Nab etal. 2020), 


Crimean-Congo Hemorthagic Fever 


kis also a tick-borne zoonotic disease caused by Crimean- 
Congo hemorshagic fever virus ofthe family Nairovirdae. I 
transmits to humans mainly through the bite of infected 
‘Hyalomma ticks and is prevalent across Attica, Asia and 
Europe. Apart fom tick biting, this disease can also spread 
‘through direct contact withthe infected blood and bedy fluids 
cof patients. Hence, du to its potential threat. it resides inthe 
WHO's list of top eight merging pathogens and extegorzed 
as level 4 hisecurity risk pathogen by CDC (Monsilve- 
‘Arteaga eal 2020; Kuehnert et al. 2021). 

‘As the global prevalence of Crimean-Congo Hemorrhagic 
Fever is concerned. itis constantly on the rise. There are 
reports of epidemics in the East Mediterranean countries for 
the last two decades (Portillo et al. 2021). It has even 
‘established ityelt inthe regions where it was previowsly non- 
endemic like Turkey. Greece, Irn, India, Georgia and Spain 
te. Morcaver, apart from geographical expansion it also 
posseises a higher incidence rate. For example, since the 
‘Meniication of frst human case in 2002 in Turkey, the 
‘number grew to over 6300 in 2012. Similarly. huge increase 
in human cases had also been observed in Iran since the 
dliscovery of infection in 1999 (Bente et al. 2013). 

The incidence and alterations in geographical ranges ofthis 
disease have trad link with ticks and climatic conditions. 
‘Ticks harbour the pathogens and are dependent on climatic 
cemneltions for their survival and reproduction, AS the 
temaitions hecome favourable 10 the tick vectors due to 
climate change, the tick population grows in number and may 
establish itself in new geographical areas. As a result, the 
‘seas isitroduced in new areas and an inereasein ick bites 
‘occur which ultimately lead to increased pathogenic 
‘wansmissions (Chinikar et al. 2010: Ahmed etal. 2021). 


Conclusion 


Climate change is an international issue which is having 
socigeconomic as well as political impacts. It poses a 
‘Significant threat tothe viability of ecosystem, Iti leading 
towards global warming and irregular weather plters which 
fect the biodiversity and cause geographical alterations inthe 
species’ habits, Likewise, ticks are also affected by these 
hinges as they are dreetly dependent om climatic factors ike 
temperature, humidity. and vegetation coverage for their 
survival inthe environment. Moreover, the hos availability to 
ticks in specific geographical areas is also influenced by the 
climate change. Inthe lst few decades, the climate change is 
seen to have favoured the ticks growth. There is seem an 
increased abundance and prevalence of Hecke beyond thir 
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INTRODUCTION 


Dermatophytosis was frst discovered by Gurby during the 
first half of 19th century. He found Microsporum audouini 
in human who suffered from tinea eapity (Geiser et al 
2000). Ringworm, dermatophytosis, dermatomycoses ot 
tinea. all refer to the same’ disease, which is caused by 
Ieratinopilic fungi called dermatopbytes. A total of six 


genera may cause” ringworm "infection, including 
Trickophston, — Mierosporun, _Epidermophyton 
Arthroderma, Nannizcia snd Lophophyton. However, 


according to formal classification, a total of three genera 
‘which is involved in causing the infection. They also attack. 
the superficial keratinized tissues of the mail, claws, skin, 
and hair of animals and buman (Gudding and Lund 1095 
‘AL-Ani etal 2002; Pal 2007: Dalis et al. 2019; Begum etal 
2020). In addition, Trichophston (T.) verrucoswn is an 
infectious agent of catle dermatophytosis (Gudding and 
Lund 1995; Shoksi and ‘Khosravi 2016). Besides. 7 
‘mentagrophstes. were also reported among. the animals 
(Shams etal. 2000). This disease is responsible for causing 
Fublic health problem and large economic losses across the 
‘world which include. reduction of milk and meat and 
production losses besides damage or low grade typeof skin 
Sirueture (Eman-abdeen 2018; Dalis et al. 2018). It is 
zoonotic pathogen (ElAshmawy and Ali 2016) that is 
‘wansmitted from animals 19 humans either via the direct 
‘camtat with a diseased animal, cr indirectly via contact with 
2 contaminated environment. However, contact with 
farthrospores or conidia are the min rout of transmission of 
the disease, The high occurrence of ringworm was recorded 
in winter season. Because, fungal spores grow best in high 
humidity leading to increase susceptibility of the hosts 10 
‘ingworm infection (Nooruddin and Singh 1987). However. 
chances of infection are more in housed animal (AFAni et 
al. 2002; Radostts etal, 2007; Dalis et a. 2014) Infection 
‘with dermatophytes is characterized by the development of 


ring-shaped lesions which becomes alopecic. Direct 
microscopic examination, culture, Wood's lamp 
‘examination, histopathology” PCR assay are mostly used for 
‘Giagnosis of the infection (OIE 2013). However, molecular 
test along with culture results showed as gold standard 
approaches for detection ofthe infection (Abs-Elmegeed et 
al 2020). In this chapter, we highlighted the etiology, 
epidemiology, pathogenesis, clinical signs, diagnosis, 
treatment and control ofthe infection ameng cae 


Etiology and Epidemiology 


‘Conventionally “dermatophytes’ are identified in the 
imperfect fungi or Deuteromycota in three anamorphic 
genera including: Epidermophyton, Trichophyton, "and 
“Microsporum. These are recognized as asexual oe imperfect 
stat But the teleomorpic sate which is perfect ot sexual 
state" has been described for some species. Dermatophytes 
fre classified in the genus Arthtoderms, and phylum 
‘Ascomycota (Markey et al. 2013). However. they are 
‘regard as fang! that use keratin for growth, According t0 
‘many researches about 40 dermatophyte species were 
recognized so far and onl. thee geneta i... Trichophyton 
Microsporum and Epidermophyton are identified 10 he 
Pathogenic for animals and. human (Weitzman and 
Summerbell 1995: Smith 2011; Eman-abdeen 2018). The 
species of dermatophiytes that flected animals are called 
cctothrix such as the septate hyphae attacking the hair 
fragment and skin structure into arthraspores and these from 
sheath around the infected structures. Besides, these 
ticroconidia and macroconidia are created i the laboratory 
cultures. Macrocoindia of Trichophyton spp. is 
characterized by enlongated, —cigar-shape with 
approximately parallel sides. The Microsporum spp. tends 
to yield boat or spindle shaped. Whereas, macrocoindia of 
M.nanum characterized by having pear-shaped and ustally 
two-celled (Markey etal. 2013). According to habitat there 
are three main types of dermatophytes. called zoophilic 
(animal), geophilie (sol), and anthrophilic (man). 
Meanwhile, most bovine dermalophytosis caused by T. 
verrucosum belong 1 zoophilie (animal while T: 
‘mentagrophytes may also causing cattle dermatophytosis 
along with Microsporum (M.) canis. There is diference 
between dermatophytes species from diagnostic 
‘examination and culturing. Furthermore, 7 verrucasum can 
Femain infective in environment for long periods of almost 
(5-7) years (Eman-abdeen 2018), 

T. verrucasum can grow at 37 €, while both M. canis and 
‘T, mentagrophytes cannot grow at this temperature. . 
verrucosum needs vitamins Fequirement such as Thiamine 
and inositol (Eman-abdeen 2018). Socioeconomic status, 
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lifestyle, migration, and drug therapy are the main causes of 
change in the epidemiology of angworm (Ameen 2010) 
Dermatophyte-infection have a several range of host 
species, but it is most Frequently reported in those areas 
‘where animals are housed. in_dense groups, particularly 
indoors (Radostits eta 2007). The route of transmission of 
the infection is through contact with infected inanimate 
objects oF direct contact. Furthermore, cartier animals are 
the source of infection (Radostits et al. 2007). Fungal 
diseases will emerge ifthe immune system of the host is 
‘weak (Shokri and Khosravi 2016). In addition, the 
‘occurrence and distribution of ringworm is also influenced 
by host factors (tress, age, management and transportation) 
climate condition and geographic area (Al-Rubiay and Al- 
Rubiay 2006). However, the factors such as. species, 
‘numbers and age of animal besides environmental aspects 
‘will serve a significant role in the rate of infection (Eman- 
heen 2018), Furthermore, a study conducted by Marai et 
Al. (1999) showed thatthe rate of ringworm infection among 
fale was higher in foreign breed than in native bree 
According to studies conducted by Pascoe (1979) and 
‘Shams etal. (2009) the prevalence rate was higher in the 
young animals. Another study by Abé-Elmegeed et al 
(2020) showed higher infection rates in. male animals as 
compared to female animals (Abd-Elmegeed et al- 2020), 
Many studies reported cattle infection with T: verrucosum in 
the Asian countries, including Iraq (Hussein et al. 1989; 
‘AL-Samarrae 2009), ran (Shams etal. 2000: Shokri and 
Khosravi 2016), Turkey (Ozkanlar and Kirecei 2009), Saudi 
Arabia (Khaled et al. 2015) and Egypt (Abou-Gabal etal 
1976; Bagy et al. 1986; Abl-Elnegeed et al. 2020). The 
prevalence of fungal infection were also found significant in 
European counties, including United Kingdom (Oldenkamp 
1979), Norway (Sienwig 1985), Germany (Berlin et al 
2020), and ltaly (Atzori etal 2012). Season plays a role in 
the intensity of the disease wansmission, for example (AL- 
‘Ani etal. 2002; Radosits et al. 2007, Dalis etal. 2014: Abt 
Elmegeed etal. 2020) showed that the incidence rate of the 
lsease as peuked in winter. Table 1 shows the prevalence 
rate of bovine ringworm infection in various counties. 


Pathogenesis 


Dermatophytes invade inthe eratinized ties, ciel the 
thar fibers and svat corneum, and causing the hydrl)sis 
of the fiher stricture, and freaking off of the bai, which 
‘kimately Teds to alopecia (Rast tal. 2007. The buy 
‘of animal host shows hypersensitivity reaction against the 
metabolic products othe pathogen leading to development of 
lesion, However the host mounts a inamsmatry response 
that is harmfl to the fungus, 0 the demtophte moves 
tay perprally yards normal ski. I ulimately Teas to 
the development of circular lesions ‘wth alopeca having 
hang at the center nd nlammation a the edge (Markey et 
a. 2013) The importance of epidermis pH inthe growth of 
<mmatophytss is usualy own (Rast tl 2007. 


Clinical Signs 


‘Among cattle, ringworm infection ranges from small focal 
lesions to extensive pathogenesis involving the entire body 
(OIE 2013}. Characterisially, the lesion is a heavy. grey= 
‘white crust tht is elevated perespubly above the skin. The 
lesions are circular, almost 3 cm in diameter and are 
‘commonly found on the neck and head, particularly around 
the eyes and face. However in severe diseased animals it 
may be observed over the whole body (Apaydin and Atalay 
2007P). In addition, the clinical signs usually resolve 
spontaneously during 2 to 4 months (OIE 2013), However 
according to Guo etal. (2020) the skin lesion was reported 
in ifferen body sites, The highest rate was 38.71% in head 
and lowest ate was 9.68% in whole body (Fig. 1. 


“The dixgnoss of bovine dermatophytosis is generally based 
‘on history, close physical examination, clinical signs, diret 
‘microscopic examination, Wood's lamp examination and 
histology ofthe tissues ( Apayalin and Atalay 2007: Swa and 
Sanka 2012) However, molecular diagnostic test along with 
culture results showed as gold standard approaches for 
Adtection of the infection (Abi-Fimegeed et al. 2020) 
‘Traditional method for detection of the infection in 
dermatophytes suspected lesions by using 20% KOH (Ellis, 
et al 2007). Dermatophyte organisms can be cultured an 
several fungal media, including dermatophyte test medium 
(DTM) and Sabouraud agar (SDA) (with eyeloheximide and 
antibiotics). These are usually incubated at room 
temperature (20-28°C). While 7 verrucosum needs higher 
temperatures. However, colonies often become visible 
within 7-14 days (OIE 2013). Fungal cultures, is important 
to recognize the source of dermatophytesis and targeting 
Preventive measures appropriately, Culture may also be 
needed in either the diagnosis is uncertain, or the infection is 
resistant to standard therapy (OIE 2013), 7. verrucosunt is 
usually characterized by very low growing white. cottony 
hon-pigmented reversed side colonies having heaped up 
and button like appearance with folded areas (Dalis et a 
2014; Eman-abdeen 2018). In contrast to microscopical 
Picture, 7: verrucosim-agent appear as stated hyphae and 
Imicroconidia with existence of chlamvdospores ‘which 
arranged in chain (Eman-abdeen 2018). However, molecular 
‘agnostic test along with culture results showed as gold 
standard approaches for detection of the infection (Abs- 
Elmegeed et al. 2020). Molecular tests such as PCR have 
been efficiently used for investigaion of the organisms 
wich proved to be more specific. accurate and stable than 
phenotypic charaterization| Ceaser etal. 2000), 


‘Treatment and Control 


Ringworm causes self-limiting infection showing natural 
recovery in mild eases. While, diferent antifungal such as 
topical iodine and Sulphur preparation are applied for 
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‘Table 1: shows the nin differentiation ews hes 


‘One Health Wiad 


nea inluing Trichophyton spp and Micespoum spp by microscopic examination, 


Trichophyton sp. 


Macro Micrvonidia 


‘Mierosperan spp 


wis 


Mucroconidiam — Micracnidia 


Macsocondia Relatively insulicient oc lacking among Various species. W existing Lage thick-walled and separated into numerous 
they ae elongated and pen or cigar-shaped, Their walls ae sniooth cells by transverse septa, They ae bout oe spine 


tnd thin: where dstnbued by sepa into 38 calls 


Shapes 


Microonidia Goperly. thse ae several in number and bare singly along the Moderately insuficent oe lcking. Wf existing these 


hyphae or in prape-lke uses 


‘ae ear shaped an bone singly onthe hyphae. 


‘Table 2: Bovine ringworm’ prevalence rat ia dlerent counties 
Locations Prolene ate References 
‘Cental region of Tay ‘Hussein etal 


Ninevah Mosul, ag 263% (Assan etl 1998) 
Baghdad ag ry (AL-Simarae 2009) 
Dial kag 0% (ameel 2015) 
Ningxia, China 135% (Gusetal. 2020) 


Diflerent prs of Jordan 30.6% (AFAai etal. 202) 


Wert Bank of Fordsn 59.35% {AleShtayeh etal, L088) 
‘Ankara, Tukey S339% ——(Severetal 2017) 
Buscelona, Spun 25% {Caan a. 1997) 
Nwez, Nigeria oe ——(Nwere 2011) 

‘Thanae, Yemen 11% (Gola ctl. 2012) 
Brant Duss al, 2013) 


treatment of severely affected lesions. Some researchers 
also recommended the removal of scales and crust belore 
applying the ointment preparation. In addition, there are 
‘systemic antifungal treatments but may left some residues 
‘which has harmful or toxic effect on animals or human body 
(Anuijo et al. 2009). Furthermore, plant fungicides ike 
Chlorhexidine and eaptan, iodide shampoos and tinctures, 5 
per cent lime sulphur, enileonazole, thiahendazole, sodium 
tolnaftate, and fluorides (toothpaste) are also used for 
topical treatment. Sodium iodide and 7. verrucosun vaccine 
may also be used to treat the infection by intravenous and 
intramuscular injection, respectively. In addition 
sriseofulvin used orally to teat the infection (Pandey 1979: 
‘Apaydin and Atalay 2007). On the oser hand, ivermectin 
significantly can be used to treat the disease (Jameel 2015). 
Tr recent studies, natural antifungal plants have been 
developed, because these ae effective, have low cost, easily, 
Applied under field conditions and less toxic. Lemion grass 
‘garlic, ginger, acacia, datura, a triplex. neem, black seed, 


Fig A: Dissibation of Ringwonm in dterent bay regions 


‘eucalyptus, basil and alfalfa are some types of natural plant 
Recent study by Eman-Abeen and ElDiasty (2015) 
showed that Clove oil proved highly effective antifungal 
activity against the infection invtro and can be used as a 
topical spray” and ointment for treatment of ringworm. 
Failure 10 control_an outbreak of ‘dermatophytosis is 
frequently due to the widespread contamination of the 
‘environment before treatment is atlempied. In addition 
isolation, tweatment of infected animals. cleaning and 
disinfection of stables are need (Radostits et al. 2007) 
Vaccination has an important role to prevent the infection 
among cattle and horses (Radostits et al. 2007), Both innate 
‘nd adaptive immune mechanisms are involved in the 
Fesponse tothe infection. Marsaver, it has been found that 
antigens of M. canis and numerous species inthe genus of 
Trichophyton simulate both humeral and cell-mediated 
immune responses (Pir etal, 1992: DeBoer and Morello 
1903), Among cattle, 7. verrucosum-agent isthe main cause 
of the infection; rarely: equinum, T. memagrophytes and 
[M, canis are isolated from lesions of the infected animals 
(Stenwig, 1985; Radostits et al. 2007). The goal for the 
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‘prevention of cattle dermatophytosis is to abtain an effective 
‘vaccine against 7. yerricosum infection, Both live 
ltenuated and inactivated vaccine" forthe agent ave been 
developed. In most of Europe, there are currently four 
available dermatophyte vaccines (Lund and DeBoer 2008), 
However, the main common method for assessment of 
vaccine safety and elfieacy and characterization of the 
immune response involves the target animal species. A few 
studies have used heterologous challenge strains indicating 
some degree of eras reactions(Lund and DeBoer 2008). In 
Norway, there is a program to eradicate bovine 
ddermatophytosis in herds by vaccination, isolation of 
infected animals, good hygiene and disinfection of 
contaminated stables. In one region of Norway, over a 
period of § years, where 95% of flocks participated, the 
Infection rate ofthe disease reduced from 70% to 0% (OIE 
2013). 


Conclusions 


The disease is commonly known by several names including 
ringworm, dermatophytosis, dermatomycoses or tinea. 7: 
ternicosum is the main cause of bovine dermatophytesis. 
The main route for spread of infection from animals to 
Ihumans is through direct contact, Molecular assay along 
‘with culring serve as a gold standard approaches for 
diagnosis, The high incidence of the infection is ustally 
recorded in winter season. The occurrence and distribution 
fof ringworm is influenced by host factors (stress, age, 
‘management and transportation). climate condition and 
‘geographic are, Vaccination has an important role to 
Prevent the infection among catle and horses. Natural 
antifungal plants ic, clove oil proved highly effective 
‘agninst the Infection and ean be used 8 a topical spray and 
‘iniment for treatment of ringworm, 
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INTRODUCTION 


Red meat allergy, also known san alphas syndrome 
(AGS) is symptomatic sect wi the consi 
of glycan galartone-alph glace (alph-gl) (Chang 
Sa 2008) 

‘Alphicgl i carbohydrate present in mammal except for 
inmans and O1d-Werld monkeys, ‘The gene (GGTAL) 
responsible for the synthesis of the enzyme (ail 
{laconlransfrass that sine in the lyeosyation of 
Sip in alent tn humans and Old. Werd monkeys. 
‘Treo menoeampetet peas can show stab 
nlite in anata way Gali etal 1987; Singh etal 2021) 
Symptoms of red mest or misimalian mest allergy incl 
anpiedema, anaphylais, and gstinestnal (GI) 
Symons sich as" ahi pain, nates, daca 
eathrn, joint pin and pois (cla tal 2018: 
Mabelane etal. 2018 Wilson etl 2019), These symptoms 
occur 3 hos ae the consumption of mammalian mest 


(beef, pork, or lamb) or other mammalian-lerived products 
(gelatin, dairy products and pharmaceutical products 
‘cmtaining alpha-fab. The delayed onset of the symptoms is 
‘duc to the time taken forthe digestion of lipids and protein 
femntaining alpha-gal and entry of alph-gal into the blood 
culation. Due to the delay in symptoms, it is difficult for 
doctors and clinicians to diagnose it as a food allergy 
(Plaherty eal. 2017). 

‘Ticks are responsible foe different allergic reactions in 
different countries across the world, The lick Ambloyinma 
(A.) americanum isthe vector for Rocky Mountain spotted 
fever andis also responsible for red meat allergy inthe United 
States (Van Nunen et al, 2019). Similarly, red meat allergy is 
4 tick induced hypersensitivity reaction and is associated 
‘with anaphylaxis, angioedema, and urticaria. In this disease, 
IgE anubodies are produced gainstalpha-gal and cause 
hypersensitivity reactions in humans. Red meat allergy is 
different fom other fod allergies ax IgE-mediated responses 
fare produced against a carbohydrate (alpha-gal). While in 
‘other food allegies IgE mediated reactions are produced 
against proteins or other ingested allergens. Antibodies 
production agains alph-gl in red meat allergy is associated 
‘vith tick bites rather than the ingestion of some allergen 
(Commins tal. 2011), 


‘Association Between Tick Bites and Red Meat 
Allergy 


‘The increased levels of specific IgE. and IgG antibodies 
against alpha-gal epitope are characteristics of AGS or red 
meat allergy patients, and most of the individuals with red 
meat allergy who may have withstood the mammalian meat 
for several years can develop alpha-gal sensitization ater tck 
hates (Plts-Mils et al. 2015: Kollman etal. 2017). Itis 
sliscovered thatthe different tick species. especially the most, 
Abundant lcodes(.) ricinus species in Europe, contain alpha 
sgalin their cement and salivary glands (Hamsten et al. 013), 
‘The process of inducing senstization to this epitope by tick. 
bites and, ultimately. mammalian meat allergy is not fully 
tunderstod yet Its evident that only the alpha-gal exposure 
is not responsible for the IE response: it may be due to the 
ticks salivary proteins containing alpha-gal antigens may 
he due to the prostaglandin E2 (PGE) inthe saliva 
(Carvalho-Costa eal. 2015), 

‘There is an association hetwcen tick bites and red meat 
allergy. and is reported worldwide. Concentrations of alpha 
{gl IgE in the blond of patents decrease as they avoid the 
recurrent tick bites, and the level of decrease varies from. 
person to person (Commins et al. 2011). 
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In the U.S, it was observed tha there were similarities inthe 
_geographical distibution ofthe reported patients of alpha gal 
symdrome and Rocky Mountain spotted fever (Commins and 
Platts-Mills 2013; Crispell et al. 2019). The tick A. 
‘americanum is responsible for the transmission of the 
‘causative agents ofthese diseases (Rickettsia and Ehrlichia) 
In this preview, it was hypothesized thatthe lone star tick (A. 
americanum) is the cause of sensitization to alpha-gal 
(Commins et al. 2009; Commins etal. 2011), Other reports 
also give evidence that the high titer alpha-gal IgE is 
associated with more han two tik bites, and he ters af lowe 
in the individuals avoiding tick bites, suggesting the relation 
‘of ticksas sensitizing agents (Hashizume etal. 2018) Inally. 
it was stated that alpha-gal trnsmited to human boss by 
‘mature ticks is derived from mammals during blood meal, but 
latter evidence showed that larval ticks transmitted alpha-gal 
that was never fed mammalian blood (Stoltz etl. 2019). 


Worldwide Distribution of Ticks-induced 
Mammalian Meat Allergy 


Alpha-glin the meat is responsible for the production of IgE. 
in the human host. Data on the red meat allergy afer ck bites 
have been reported (Van Nunen etal. 2007)- 

In Europe, the prevalence of IgE production to alpha-gal has 
‘heen found to be 5.5% in Denmark, 15.7% in Spain, and 
24.9% in a rural region of northeast Italy (Joral eta. 2022) 
More than S000 cases have been reported in the U.S. The 
‘ork about this disease started when a cancer patient in the 
US. developed a hypersensitivity reaction to cetuximab (a 
‘medicine use in the treatment of cancer). During the clinical 
processes, there was low risk of allergy against the drug but 
in the cases from the specific region ofthe U.S. developed, 
severe drug hypersensitivity reactions. Later, researchers 
found thatthe patients, who showed allesic rections, already 
‘nad IgE antibodies that bound withthe alpha present inthe 
‘murine portion of cetuximab (Chung tal 2008) 

‘The number of cases increased with hypersensitivity 
reactions afler eating red meat in the U.S. In these cases, 
‘many individuals who have been consuming red meat for 
years never developed symptoms before (Commins etal 
2016). The IgE response developed against the alpha-gal 
present in rod meat. It was noted that both drug-induced and 
‘mea-indced allergy individuals belonged tothe same area 
abundant with lone star tick (Steinke etal 2015), 

Fig. | shows the occurrence of red meat allergy reported for 
the first time in different areas ofthe world 

Many cases were also reported in Australia having a history 
‘of tick bite, The fist research on tick bites causing red meat 
allergy in Australia was published in 2007. Starting from 
those days, this disease is turing into a global issue and is 
influencing almost all continents. ln Austalia, two species of 
ticks  holocyelusand 1 australiensis responsible for easing 
red meat allergies (Binder etal. 2021). 
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Clinical Features of Red Meat Allergy 


“The disease shows similar kind of symptoms in children and 
adults, Angioedema, Gl symptoms and most severe 
‘naphylaxis causing adverse mat allergies contribute almost 
(65.6% (Fischer eta. 2016). Neatly 10 ofthe cases that are 
sitive to red meat also reat to the gelatin obtained from 
mammals, Intravenous or intramuscular administration of 
gelatin may increase the chances of anaphylaxis and may be 
the initiation of red meat allergy. Clinical reactions were 
reported when gelatin vas administered orally and through the 
intravenous route and few eases were reposted with positive 
_gclatn tests and negative red meat tests (Mullins etal. 2012) 
‘The coe of eo-actors in red meat allergy is very important 
Knowledge about the factors that increase the impact of 
‘mammalian mest allergy is important to know forthe salety 
purposes. These factors, individually or with the synergism, 
Increase the severity of alpha-gal sensitivity reactions to red 
meat (Wolbing tal. 2013). The major contibuting factors of 
the disease include consumption ofa high amount of allergen, 
alcohol intake with food, use of spices (chil & capsicum). 
physical activity, use of ant-inflammatory non-steroidal 
agents to be in the premenstrual perio. and cooking impacts 
(Versluis et al, 2016). Moreover, the level of alpha-zal is 
different in many products, such as egg and pork kidneys 
have high levels of alphagal and increase the chances of 
sensitivity. The milk obtained from cows also has alpha-gal, 
and the sensitivity of alpha-gal has vanished on heating this 
milk. Hence, pasteurization of this milk makes it tolerable 
(Commins etal 2014), 


Process of Development of Red Meat Allergy 


“The development of rod meat allergy via tick bites is an 
‘example ofthe initiation of an allergy Is a phenomenon in 
‘wich climatic change (High tick population increased tick 
bites) inheritance, hest immune shils due to parasites and 
the presence of a pahogen in ticks (rcketsiosis) are involved 
(un Nunen and Sheryl A 2018), 

[As it is evident from the fossils that the process of 
‘development of red meat allergy duc to tick bites started 28 
million years ugo, The enzyme responsible forthe production 
of alpha-gal was inactivated in our ancestors at that time, this 
is why the human body gets alphargal as a pathogenic 
particle, and alpha-gal IgE antibodies are produced, hence 
‘siving defense tothe pathogenic bacteria, coated viruses and 
protozoa that contain alpha-gal (Galli 2013) 

‘As per available literature, alpha-gal isan external particle 
for humans that prepares them aller bites from ticks and 
initiates the pro-llersy Th cells cytokines in the humans 
that starts the preparation of anti-alpha-gal antibodies (Abs) 
by the IgG and ultimately the IgE Abs from B cells (Ferreira 
and Silva 1999), Proteins from the ticks are glycosylated, 
‘which promotes this process leading to an increase in 
immunity. So, when IgE class Abs to ticks proteins are 
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Australia 


Japan 


ig. 1 Graphical representation of umber of eases parte fst time indifferent counties (Vat Nunen an Shry A 2018, 


generated at the same time, alpha-gal IgE Abs are also 
produced, The IgE production mechanism is activated by the 
tick ‘ites against the alpha-gal, and. when this person 
consumes mammalian meat dhe IgE production starts against 
the alpha-gal present in meut, and hypersensitivity reactions 
‘occur, causing red meat allergy (Dorey 1998). 

“The last important thing in dhe red meat allergy reactions is 
the delay in the occurrence of these reactions. This 
procrastination in the appearance ofthe symptoms is because 
ff the time required forthe transport of alpha-gal from the 
‘sgstrointestinal tract to the blood ciulaticns. Glycoproteins, 
as well as glycolipids, also contain alpha-gal. The complete 
freakdown of lipids takes many hours, and. after that the 
ahworption of chylomicron having alpha-gal stats in the 
Small intestine into the lymphatics and then into the 
‘bloodstream stimolating basophil mediators’ prodection in 
the blood (Commins eal. 2014), 


Management of Red Meat Allergy 


‘To date, there is no cure fer this disease, bu to get rid ofthis 
disease, prevention strategies are adopted. Avoidance of 
‘mammalian meat, mammal-derived things, and sometimes 
Airy is advised for the patents (Patel and Iweala 2020), 
Evidence showed that more tick bites increase the level of 
IgE in th blood, andthe prevention af tick bites reduces the 
amount of IgE in the patients and also the sesiivty to red 
‘meat (Kim et al. 2020), In a study, 12% of patents who 
avoided tick bites for nearly ive years reduced their IgE evel 


to less than 0.1 [U/mL and included red meat in their meals 
successfully (Commins etal, 2016) 

No study is conducted yet showing the relationship between 
the use of red meat and dairy products influencing the levels 
‘of IgE in red mest allergy patents. Another observation also 
supports this concept when same patents developed mild or 
rho symptoms and tolerated red meat on an event, severe 
sensitivity reactions tored meat appeared in the same patients 
im another event. This difference isnot due to the quantity of 
meat used but due tothe level and quality of alpha-gal present 
in meat or may be due to the inclusion of eo-fctors and 
ccurtent bites from the ticks (Iweala etal. 2018). Following 
Preventive measure should be taken to reduce the chances af 
reo meat allergy: 


Avoiding Meat from Mammals 


Firstly, the new cases reported of red meat allergies are 
stricly instructed to skip mammalian meat such as Lamb, 
pork, beef, and venison. Ongan meat, specifically pork 
Kidney, also causes sensitivity reactions, so it should be 
‘excluded from the diet (Fischer etal. 2014). Meat ich in fats 
is ako associated with the severity of reactions and 
symptoms. Alpha-gal isnot decomposed by heating meat, but 
the fat content is dereased, which minimizes the severity of 
the reaction (Apestolovic et al. 2014). Other mammalian 
meats and products should not be consumed, Some cases aso 
develop signs of red meat allergy when air droplets arising 
fom the heating of meat are inhaled, but no document has 
been published yet. 
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Avoiding Dairy Products 


Products from dairy, such as cheese and milk, are nct 
recommended in red meat allergy patints on a daily basis 
because nearly 81-00% of cases do not show reactions to these 
products (Levin et al. 2019), Some experts’ opinions and 
research work suggest the complete avoidance of these 
Fraducts inthe eases who are not consuming meat and sil, 
there is no significant decrease in symptoms (Commins 2016), 


Non-dairy and Mammalian Derived Products 


Non-dairy and mammalian-derived products may also pose a 
risk of allergy when mammal-derived ingredients are mixed 
in these foods. A major risk factor is the availability of non- 
Tnbeled products. In the market, some of these items 
mentioned that alpha-gal content (cetuximab) is included, 
‘while in some, itis missing (glycerine) because ofthe reason 
‘oblained from the mammals, Mammalisn-derived. bovine 
serum albumin does not consist of alpha-gal. so being 
fblained from manmals doce not mean that it consists of 
alpha-gal (Thall and Galli 1990) 

The occurrence of hypersensitivity rections in individuals 
‘who have removed all known forms of alpha-gal from their 
dicts ie due to the presence of a hidden form ofalpha-gal in 
those foods, Speci altention is given to foods that contain 
hgh levels of mammalian-derived lipids, particularly when 
they are associated with exercise, aleahol sickness, and 
menses ete (Scott 2020) 

Foods high i fat and added fats are also linked with the 
severity of reactions. Landis usd in food preparations, gravy. 
fand sauce, Its also used asa flavor enbancer. Mammal 
derived fat such as suet and tallow are also used in food 
Preparations. Different types of sausages contain casings (a 
chemical that contains alpha-gal) obtained from the pig gut. 
‘Turkey and chicken sausages also resulted in sensitivity 
reactions in some cases. Carrageenan, as well a gelatin, are 
‘commonly used foods additive obtained from mammals and 
ccantain alpha-gal (Scott 2020) Gelatin is an important 
content of gelatin desserts and its sensitivity is common in 
Patients, but in many cases tis tolerated if present in low 
{quantity in daly uses (Caponelto tal. 2013). Carrageenan is 
‘obtained fom redlsh esculent seaweed and is commercially 
‘sed in food preparation asa thickening and stabilizing agent. 
The chancet of developing symploms alter eating these 
products are very low (Chauhan and Saxena 2016). The 
problem is that is plant-origin food that is alpha-gal-trce 
foods. So, the cases wo are avoiding the diets but sill have 
sensitivity should be analyzed for carrageenan use. 


Medical Therapies of Red Meat Allergy 


In the drug therapy, long active oral antihistamine 
(fexofenadine) is preferably used two limes a day- Another 
feasible method that ean be used isthe application of shot- 
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active oral antihistamines, as many cases have endured the 
Unisom and SleepMelt tablets (Seott 2020). Those cases who 
are avoiding specific foods but stil showing gastrointestinal 
tract signs and symptoms are advised to use oral solutions af 
‘romolyn. Its recommended four times a day with a dose 
range of 100-200 mg (Seott 2020), 

Red meat allergy individuals having severe and recurrent 
sensitivity with asthma can be treated with oral 
corticosteroids. Omalizamab has been used successfully for 
the control of continued reactivity in some patients, and those 
individuals added small amounts of red meat in their meals 
showing no harm (Scott 2020) In a study, six eases were 
using Metformin during the preparations of gastric bypass 
surgery. started consuming dairy products, and then included 
‘mammalian meat in their meal (Samavedam eta. 2016). kn 
another researc, its evident that Metformin's impact on the 
unfolded protein response can change the cytokine 
‘environment and potentially reprogram the immune system 
(Samavedam et al. 2016), 


‘Therapeutic Prevention 


Alpha-gal is « component of many drugs and medicines and 
‘en be dangerous in some new therapies forthe persons who 
ae allergic to alpha-gal (Galil 2013), 

© Because of the pha-gal present in cetuximab, 
dangerous reactions appeared by its intake 

‘© Vaccines such as measles and mumps as well as zoster 
‘contain alphi-gal can cause allergic reaction in the person 
Sensitive to alpha-gal (Stone etal. 2017), 

‘© Gelatin is also mammalian derived and is component of 
vaccine, tablet, capsule and implants (Mullins eta. 2012), 

© Antivenom against snakes. scorpions, spiders, jellylishes 
lc. also contain alpha-gal and cause sensitivity reactions in 
the red meat allergy patents when used (Fischer et al. 2017) 


Expert's Opinion 


Knowledge about red meat allergy to professionals in 
healthcare is important to diagnose and manage this disease 
I the regions abundant inthe population of ticks and were 
hites from the ticks are usual, mammalian meat allergy is in 
the process of recognition and diagnosis. Alpha-gal IgE tests 
are suggested in these ares, A magazine having mammalian 
‘meat allergy-related information forthe patient's families and 
healthcare providers should be developed. Similar to other 
food allergies, avoid exposure to allergens and tick bites. 
Proper labeling of ingredients in the fond obtained from 
mammals, medicines, drugs, nd vaccines is recommended 
for mammalian meat allergy eases. Manulacturing of porcine 
products with no alph-gal wil give a source of ‘sensiivty- 
free ford and medicines. A detaled understanding nec 0 
be developed of the chances of reactivity forthe diferent 
products that contain small concentrations of mammal- 
derived ingredients (Seott 2020), 
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Conclusion 


Red meat allergy is different fom ther conventional food 
allergies, Tick bites play ole in triggering this disease but 
this association is not fully proven yet. It has been 
diagnosed across the world but is more prevalent in areas 
abundant with ticks’ population. The role of alpha-gal inthe 
{development of mammalian meat allergy aftr tick bites has 
strong. scientific evidence. The reactions might appear 
‘immediately when the medicines (containing alpha-gal) are 
given via the parenteral route and there isa delay in the 
Appearance of the symptoms from 3-6 hours if meat from 
‘mammals, dairy, and other mammal-derived products are 
teansumed via the oral route. The best management of this 
syndrome is to avoid further tick bites, mammalian meat, 
and other mammal-derived products. 
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An Overview of Psittacosis 


INTRODUCTION 


Psitacosis is 4 zoonotic infection caused by Chlamydia 
(C)) psittaci (Fig. 1), whict is an obligate intracellular 
bacterium (Hans and Olivia 2016). The term “psttacoss 
‘originated from the Greek word psttakos, which is used for 
parrots and was first used by Morange in 1895 (Morange 
1895). Direct contact with diseased birds primarily 
transmits the infection and induces a broad-spectrum of 
symptoms with varying severity. Psitacosis is also 
regarded as ‘parrot fever and “ornithoss’ and the birds are 
considered as a prime epidemiological reservoir for this 
disease (Fig. 1) Formerly, only the word “psittacosis’ was 
‘sed but then. another term ‘ornithosis’ was proposed in 
forder to distinguish the infecion in fowls from the 
infection in psittacine birds Both of these conditions are 
‘pow considered similar (Andersen and Vanrompay 2008). 
‘Although infection in the his from the order 
Pritcitormes (parakeets, parrots, lories, cockatoos, and 
‘budgerigars) and Galliformes (chickens, turkeys, 
pheasunts) are more often observed, but the disease can 
Infect every bird species. This has been reported in 467 
species from 30 different orders of binds (Stewardson and 
Grayson 2010). Hence, bird exposure is considered as the 
major risk factor for its transmission to humans. The bird 
exposure may occur through direct contact with the 
diseased birds, oF inhalation of aerosolized organisms in 
facces. urine, eye, and respiratory secretions. The bird- 
‘human contact may happen in veterinary hospitals, pet 
shops, and bind shows (Halsby et al. 2014), while the 
person-to-person transmission of psittacosismay alsa 
‘happen but is occasional (Stewardson and Grayson 2010). 


Etiology 


C. psittaci belongs to family Chlamydinceae, and order 
Chlamydiales (Kaleta and Taday 2003). ‘The 
Chlamydiaceae family comprises of two genera ie. 
Chlamydophila and Chlamydia. Formerly. genus 
Chlamydia was known to have nine species (Laroucat et 
2009). But according to the revised taxonomy of 
Chlamydiaceae family. the genus Chlamydia now coosists 
of II species ie. C psintaci, C. pecorum, C. felis, C. 
‘eauiae, C. aborts, C. pneumonia, C. suis, C trachomatis 
fand C. muridarum and newly discovered species, C. avium 
and C.gallinacean (Sachse etal. 2014). C. psittaci, having 
‘multiple genotypes, is gram-negative, obligate intracellular 
hhacteria that resides. in both, birds and mammals. 
Suvcessful sequencing of these genotypes by using 
senotype-specitic real-time PCR can help in detection, a5, 
‘well as epidemiological research, Being animal host 
specific, every genotype can be transmitted to humans and 
can indace infection (Stewardson and Grayson 2010} 


Epidemiology 


Generally, pitacosis is considered sporadic (Grayston etal. 
1986: Marni et al. 1987). But, outbreaks of disease may 
‘occur as Ritlr reported the first culbreak of psttacosis 
(onlan and Prouty 1956). He observed seven cases of 
ftypical pneumonia which occurred alter contact with 
praots and finches at his brother's house, Other carly 
‘outbreaks that happened in Europe and Faroe Islands were 
found to have a connection with sick parrots and fulmar 
petrels (Grayston et al. 1986: Saikku etal. 1985: Palmer 
1982). Despite the fact that all groups and genders can be 
affected by psttacosis, the incidence of this infection is sen 
to allan @ peak in middle-aged people having an age of 35 
ta 55 years (Yung and Grayson 1988). Stl, psittacosis is 
considered a rare zoonotic infection. Due to this reason, 
there i no ample awareness regarding this disease among 
the people and health care providers (de Gier etal. 2018). 
According to CDC (Centers for Disease Control and 
Prevention). psittacoss is a notifiable disease inthe United 
‘States, The estimated reported cases are less than 10 per 
‘annum and underdiagnosis and undesreporting are thought 
ta be the reasons behind the reporting of such a small 
‘number of cases, The individuals who are mote likely to 
hhave exposure to the birds are generally considered more 
susceptible of acquiring infection. Bird exposure may occur 
at veterinary hospitals, pet shops and bird exhibitions and 
‘occupational exposure etn also nccur in the people working 
inthe poultry industry (de Gier etl. 2018) 


cor 
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lg. 1: Facts reganling Psinacosis 
Modes of Transmission 
Bird to Bird 


Psittacosis is regardedas “Avian Chlamydiosis" (AC) in 
birds. C. psinac is found in nasal discharges and facces of 
birds which harbors the infection. Sickbirds, as well as, 
asymptomatic bids may give out the hacteri alternatively 
for many months. Birds don't develop immunity against it 
and so, there is a chance tn acquire the infection again 
(Balsamo etal. 2017), 


Bird to Humans 


. psittaci trnseited through the air passageway. Apart 
from the direct transmission through droplets, the indirect 
transmission of bacteria may occur by inhaling the serosol 
of faeces of infected binds (Saito et al. 2005) tis reported 
that some patienls experienced the symploms without 
having abistory of bird exposure (It etal. 2002) and even 
‘momentary exposures can cause symptomatic infection 
(Behn etal. 2013), 


Person to Person 


leis believe that psitacoss is hardly transferred via direct 
human-to-human contact because none ofthe studies show 
cvidence regarding ite transmission among. individuals 
(Hughes etal 1997; to etal. 2002: McGuigan et al. 2012: 
Wallensten etal. 2014; Ojeda Rodriguez eta 


Other Animals to Human 


Parrots and ornamental birds are usually considered as the 
source of psitacosis. However, some other birds and 
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fever 


animals, like pigeons, poultry species and even mammals, 
have also heen observed as the source of infection in 
‘humans (Haag-Wackeragel and Moch 2004; Fenga etal 
2007; Verminnen and Vanrompay 2009; Deschuytfeleer et 
al. 2012). C. psittaci wansmission to humans from non- 
‘avian sources is prohably aot known, hawever, it has been 
reported in the case studies of some pregnant women who 
‘hada history of exposure to abortion products from sheep. 
abattoir workers, shepherds, and laboratory staff members 
(Barnes and Brainerd 1964; Anderson et al, 1978: Hyde 
and Benirschke 1997; Meijer et al. 2004). There are also 
some ease reports in which humans who hadcontact with 
il foals were infected with psitacosis (Chan etal. 2017). 
Fig. 3 shows various routes from where human may get 
the infection, 


sthogenesis 


“According to recent research employing a bovine model, 
© puitac initiate infection of the alveolar epithelial cells 
‘upon inoculation to the host (Kalter et al. 2014). The 
infection spreads due to the muliplication of bacteria 
within the host's cpithelial cells, ‘This elicits a host 
‘immune response reslting in large inflow of neutrophils 
along with the release of chemokine and interleukin-& 
(Krsitler etal. 2014). 

The acute-phase reaction brought about by chemokines 
causes the activation of an inflammatory cascade and 
reactive oxygen species. This further results in the 
recruitment and aggregation of immune cells and 
phagocytes from the bloodstream to the site of infection 
Tis considered to cause the hematogenous spread of C 
Peittacitrough the disintegration of the alveolar-capllary 
‘membrane and tissue damage (Knitler et al. 2014), This 
inflammatory easeade and infection hinder the tansfer of 
‘oxygen within the alveoli resulting in hypoxemia and 
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Fig. 2: A bid eye view of historical background i deseried, 
alveolar hypoventilation (Knitter et al. 2014). The The extracellular infectious elementary body is, 


hematogenous spread of C. prittaci which resulted in 
‘various pathological changes inthe body have been sbown 
in Fig. 4 


Histopathology 


‘The developmental cycle of C. psittaci involves two forms: 
The organism comprises of a larger metabolically active 
intracellular reticulate body and an extracellular infectious 
clementary body (Chu etal. 2022), 


endocytosed into the cell when it comes in contact with the 
cell membrane receptor of the host cell, dodging the host 
Jimmune response. As a result, a metabolically active 
reticulate body is formed when the endocytosed 
clementary body increases in size (Grimes 1987: Peeling 
and Brunham 1996), 

The reticulate bodies use host cells” ATP and form further 
new reticulate bodies upon binary fission. These inclusion 
reticulate bodies reorganize to form an intermediate sate 
Ultimately, elementary bodies are formed and released by 
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cell lysis and reverse endocytosis and this release of 
clementary bodies are considered as a cause of silent and® 
chronic infection (Peeling and Brunham 1996). 

[New host cells are infected with these released elementary 

bodies. In this way, the disease cycle propagates and spreads® 
to other organ systems of the body vita hemtogendus route 

(Vanrompay et al. 1995: Knitler and Sachse 2015). The 

infectious eyele of C: psinaci involving the formation of 

reticulate und elementary bodies have beea shown in Fig. 5, 
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History of Patient 


Although there isa strong connection etween bird 
exposure and psitacosis, yet it is not compulsory for 
dlsgnoss. This is considered aecuratefor areas where there 
is an abundance of undomesticated birds. In Australia, two 
‘ulbreakshappened in the areas that were located amidst 
large avian flora (Williams etal. 1998: Telfer et al. 2005). 
Diagnosis mostly dependson taking adetailed history 
involving the medical history, wavel history, occupation 
andhobbies of the patient, along withstrong suspicion of 
infection (Chu ot al. 202), 


Clinical Manifestations 


Despite the respiratory symptoms of Cpiac infection in 
‘humans there can be other clinical manifestations that can 
extremely differ. Infection can influence multiple organ 
systems as it spreads after replicating in the respiratory 
‘System. The average incubation period of infection Is about 
5-14 days (Beeckman and Vanrompay 2009), 

‘The onset of symptoms is usually sudden, Headache i 
‘usually mentioned along with fever, nausea, diathea, cough 
and myalgias (Yung and Grayson 1988). Other signs of 
Peitacosis include disoriented mental condition, 
‘Photophobia, mild stifiness in the neck, hepatomegaly. 
splenomegaly and pharyngitis (Stewardson and Grayson 
2010). Fig. 6 shows the clinical manifestation of psittacosis 
infection inthe host, 


Lab Investigations 


White Blood Cell Differential cour Slight decrease 
{nleukoeyte count manifest inilal phase of infection 
Leukopenia can be noticedin the acute phase of infection 
‘Longbottom and Coulter 2003) 
Red Blood Cell Count During the course of infection, 
Jhemplysismay lead to anemia (Longbottom and Coulter 2003) 
Liver Function Teste; Sometimes, there cat be high levels of 
Sspariale aminotransferase (AST) and alanine 
aminotansferase (ALT), besides gamma 
‘slutamylianspeptidase (GGT) (Longbottom and Coulter 
2003). levated levels of CRP (C-reactive protein) can also 
bbe observed (Longbottom and Coulter 2003). 

lure: C. psittaci is isolated from respiratory tract 
Sceretions (sputum, throat swab etc.) and ean be cultured on 
‘Minimum Essential Medium (MEM) (Favaroni etal 2021), 
Serology: ‘This method is usually applied to confiem 
Poitacosis. Following serological tests are available for 
diagnosis of pitacosis: 
Microimmunofluorescence Test: IgG-specic and IgM- 
specific antibodies are detected by MIF text. 
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{nthe inital stage of diagnosis, there is a positive result of FeM 
“The positive rate may reach upto 80-95 Se (Mi etal. 2015). 
Complementation test (CPT): 1€ paired. serum titers 
leyate at a four-time specd while detecting specific 
antibodies then a diagnosis is required (ML etal. 2015) 
‘Microimmusofluarescence (MIF) is considered more 
sensitive than the complement-fixation test (CFT) (Mi et al, 
2015) 


aging: 
© Chest X-Ray: Around 80% to 90% of patients 
fxhibit abnormal chest x-rays, These involve. migratory 
{infiltrates and pleural effusions (Yamato etal. 1992). 


Mognetic Resonance Imoxing (MRI): MRL is usually 
Aadvisedfor diagnosing neurological issues associated with 
pittacosis (Mi etal. 2015). 


Nucleic Acid Amplification 


PCR helps inthe rapid detection of psittacoss patients as it 
allow us to find out the source of infectionby genotyping. It 
is highly sensitive only in the acute phase and is mild in 
chronic cases (Nieuwenhuizen etal. 2018), 


Prognosis 


‘The prgnosie of psitlcosis may be influenced by the 
severity of clinical disease and the comorbidities of the 
patient, In addition to this, prognosis also relies on the 
‘ration of treatment and management. (Hogerwert et al 
2017). "The morality rate is approximately 1%, despite of 
Antibiotics treatment (Chin 2000), 


‘Treatment 


tacoss is primarily treated by antibiotics. Tetracycline 
and doxycycline are two antibiotics that are usually 
recommended and considered effective against this disease 
‘without contraindications. Most patents show improvement 
‘withinf® hours (Yung and Grayson 1988). Intravenous 
donyeyeline can be used in cases where antibiotics cannot 
bbe administered orally. ‘The recommended dosage of 
oxyeyeline is 100 mg PO or IV for 10 to 14 days 
‘Azithromycin can also be used ininfans. Erythromycin and 
‘arthromyein are recommended for pregnant patents and 
fan also be used in cases where doxycycline is 
‘contraindicated (Chu etal. 2022), 

Fluoroquinolonescan also be prescribed at times but these 
are less effective than tetacyclines and azithromycin (Chu 
tal. 2022), 


Differential Diagnosis 


‘There aremany disorders which may have similar symptoms 
fas paittacosis or parrot fever. A comparison can be 
‘heneficial for uiferential diagnosis, The differential features 
‘of psitacosis infection have been mentioned in Table 1 


Complications 


‘The pittacosisinfected patients may present several 
_mnifesttionsas & consequence ofits hemalogenous spread 
alter the firs inoculating, C, psittaci infection may lead to 
respiratory fulure, hepatitis, pneumonia, panereaiis. 
cadocarditis, DIC (Disseminated Inravascular Coagulation) 
land encepbilits. The fulminant course of psittacosis may 
lead to muliple organ failures (Chu eta 2022). 
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‘Table 1: Dffresal Features of PrinscossIton with Vsrous Ore Disorders 


References ‘(Moghadani GlamidrecaHfonarmund 2013, (icons oa S031, (Pen TOO Vent (Vagupay aad 
2017) Biyankalaiouge etal. 2021) Juin ea. 2032) etal 2021) Baron 2005) 
ae Paes v v v f v 
Hepatomegaly x v x v v 
Leakopenia x x x x x 
Symproms Magia ausele pain) J v v v y 
Malaise Y Y y v v 
Feverandehills v Y v y 
Abdominal pain y v v ¥ # 
Nawsen and vomiting Y y y v 
Difco dagoosis of Pritacoss Infuenza —_ Q over Peeunwonia Tulwemia __Brwelloss 
Prevention and Control Future Perspectives 
‘There are no vaccines available so far against this infection On-time reporting of disease and development of 


(Stidham et a. 2019), So. for now, strategies for minimizing 
the spread of these bacteria are the only way to control the 
disease (Smith et al. 2005). Therefore, people should be 
guided in dealing with birds and birdhouses in order to 
restrcthe spread of disease (Schlossberg etal. 1993). The 
use of personal protective equipment (PPE) such as gloves, 
‘masks, tc. must be assured while dealing with diseased 
birds and their cages. The veterinarians and healthcare 
providers must be consulted if the birds are doubted for 
carrying the infection (Chu et al. 20 


Public Health Significance 


Psitacosis, being zoonotic in nature (Gaede et al. 2008, 
‘Andersen and Vanrompay 2000; Seth-Smith et al. 2011), 
hha distinc importance in public health, as parots are kept 
in our houses in schools and nursing homes on regular basis 
(OIE Terrestrial Manual, 2008). Proper knowledge and 
guidance about the clinical signs and coune of the 
dliseaseshould be provided to people who are susceptible of 
acquiring disease, along with the healthcare professionals 
(Balsamo et al. 2017). This must cover the pubic awareness 
aspect regarding the proper handling of birds, the use of 
personal protective equipment, and disposable particulate 
respirator usage. In order to figure out the sources of 
disease, there should be coordination between the healthcare 
personel and the public health department forthe guidance 
‘of indastry and the public in tracking down all the dealings 
involving birds. The sick bids should be tagged, 
(quarantined and isolated slong with the implementation of 
appropriate cleaning and infection preventive guidelines 
(Balsamo et al 2017). All these suggestions highlight the 
importance of general public awareness and the role of 
healthcare providers in the control of this zamnotic disease 
‘So, an initiative involving general public awareness and 
‘cooperation between veterinarians and public health 
authorities is highly required for the prevention of this 
disease (Chu et al. 2022) 


ccommerclal vaccines are the higgest challenges related to 
Poitacosis in future, as nov human or avian vaccines are 
Seveloped and commercialized yet. However, immunization 
‘with genetically modified DNA plasmid consisting of C 
pitiaci ompA gene induced partial immunity in SPF 
(specified pathogen free) budgerigars and turkeys. DNA 
immunization can he dane even if maternal anibodies are 
resent which tiggershumoral and cell-mediated immune 
responses similar to those in usual body infections, So, i is 
high time that safe and effective vaccine against psttacsis 
Imust_be developed, Studies have also shown the 
clfcetiveness of ovotransferrin against C, psittaci, when 
administered in turkeys. It potentially’ decreased the 
‘concentration of bacteria in the ai and significantly lowered 
the mortality rat. So, the administration of ovotransterin 
(OvoTF) in poultry is suggested as it can be a 
sroundbreaking antiserobial approachin near Future (Van. 
Droogenbracck etal. 2011). 


Conclusion 


Increasing incidence of various zoonotic infections is one of 
the burning issues around the globe. However, psittcosis as 
44 zoonotic disease is sil overlooked. It is regarded as 
reportable disease in many counties but stil, it is an 
‘underreported condition. “Even the usual laboratory 
investigationsda not involve the diagnostic tests required for 
Puttacosis, Moreovershe “serological tests cannot give 
conlirmatory diagnosis if» single serum sample is provide. 
The proportion of reported cases as compared tothe acti 
‘ones is very low. So, we can say thatthe estimated impact 
‘of pritacosis on public health is still not clear-The bied 
‘human contact is undeniable as man has been domesticating 
birds for ages. Moreover, the expansion of poultry industry 
‘over the past few years has made this contact mre often but 
bird owners, public, poultry farmers and even. medic 

Practitioners have “insufficient understanding of this 
Infection. Therefore, rising general awareness for 
Poitacosis is required “which will promote. the timely 
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reporting of this disease. Devising effective vaccines and 
specific diagnostic strategies are the needs of time and 
required to contro this zoonosis. 
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INTRODUCTION 


Ricketsia (R), is a small obligatory, intracellular gram- 
negative bacterium that infect both bumans and animals 
(Dunning Hotopp et al. 2006). In 1909, Howard Rickets 
‘was the first person to discover the’ genus Rickettsia 
(Ricketts 1909). On the basis of serological features, it has 
heen classically classified into three distint groupe 
including the typhus group (TG), spoted fever group (SFG), 
and the serub typhus group (STG). Both ‘TG and SFG are 
‘under the genus Rickettsia and the STG is under the genus 
(Orienia (Tamura etal. 1995; Dumler etal. 2001; Beemidez 
2018). There are only two species of TG rickettsiae: 
prowazekii. which is wansmitted by louse; and causes a 
fisease named epidemic typhus, and Rnphi, which is 
transmitted by flea and causes a disease named murine 
typhus. While dere are more than twenty species of SFG 
fad all species are transmitted by hard ticks except two 
species including R. akar, being wansmitted by mites, and 
2A. felis being transmitted by flea (Greene and Breitschwerdt 
1998: Foil and Gorham 2000; Centers for Disease Control 
and Prevention, National Center for Infectious Diseases 
2002). Rickert, isthe causative agent for Rocky 
‘Mountain spotted fever (RMSE) and comes in the group 
Rickettsia (Williams etal. 2067). 

The differential features of TG and SFG group involve the 
polymerization of actin, type of outer membrane proteins 
fnd difference inthe optimal growth temperature. The TG 
‘group cannot polymerize the actin and enter the host cell 
fytoplasm, have type B outer proteins and show optimal 
‘growth at 35°C while the SFG group can polymerize the 
actine and enter the host cell nucleus. have type A and B. 
‘outer proteins and show optimal growth at 32°C (Fournier 
and Raoalt 2007). The las difference is the difference inthe 
ratio of genomic G-C, which is 20% in ease of TG, while it 
is 329% -334 in ease of SFG (Gillespie etal 2007), 


Like other bacteria, Ricketsiae have both deoxyribonucleic 
acid (DNA) and ribonucleic acid (RNA) and they secrete 
substances, generate energy and perform all other living 
Activities, Rickettsiae are transmitted 1o the host during 
Tnting and the blood meal by the infected ticks. It is 
transmited fom the ste of bite hy the bloodstream to infect 
the endothelium and sometimes t9 the vascular smooth 
muscle cells, Rickettsia species in their target cells can 
multiply by binary fission and cause direct damage to 
heavily parasitized cells (Walker and Ismeil 2008), 


Rocky Mountain Spotted Fever (RMSF) 


Many: studies approved that the RMSE. was found in 
“America before humans arrived there and this is due to the 
hard tick that tansmits the A rickersia through trans- 
‘ovarian way. ‘The hard ticks have scquited the infection 
from feeding and biting of infected animals and they lay 
infective eggs and the pathogen was transmitted to the 
whole generation of ick (Burgdorfer 1963). In North 
America, human infections with A. ricketsii have bees 
recorded, and was named Rocky Mountain spotted fever 
(RMSP). Its named as fiebre maculosa Brasileira’ in Brazil 
and fiebre de Tobia in Columbia (Oteo et a. 2014). RMSP 
isan acute fatal hacevial disease that infects humans of 
dlffeent ages and dogs. It is transmitted by the bite of an 
infected hard tick in two ways: by trans-ovarian and trans- 
stadia transmission (Walker and Raoult 2000; Savic 2019) 
‘The disease is characterized by fever. chills, rash, and 
muscle aches (Warmer and Marsh 2002). RMSF is still 
fcansiered as the most virulent disease among all human 
infectious diseases, mainly in young people in Nor and 
South America (Wamer and Marsh 2002: Bermudez 2018) 


History of RMSF 


Firstly, the RMSP was identified as black measles and was 
reporie forthe first time in the late 1890s, in Idaho and 
Rocky Mountain, soit was named Rocky Mountain spotted 
fever (Ricketts 1909; Azad and Beard’ 1998; Centers for 
Disease Control and Prevention website 2017). In 1906 
Howard Ricketts discovered that RMSF was a hacterial 
infection that was transmitted to humans by hard ticks 
(Thornes et al. 1998). Initially, the disease was localized at 
Rocky Mountain, and then the disease has been observed 
throughout different regions of America (Centers. for 
Disease Control and Prevention 2022). The disease spread 
to various counties such as Colombia, Brazil. Mexico, 
Costa Rica, Argentina, and Panama (Razzaq and Schutze 
2005; Dantas‘Teeres 2007). Over the past 20 years, the 
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incidence of RMSP has been continuously rising in the 
United States, reaching a peak in 2012. The mentality rate 
thas beon shown elevated in older patients more than sixty 
‘years of age, in individuals who have been lately diagnosed, 
land in those who do not receive doxyeyeline dup as 
‘weatment (Holman etal, 2001; Biggs etal. 2016), 


‘Synonyms for RMSF 


RMSF disease is also nown with various names such as 
tick-borne typhus fever, tick fever, black measles, black 
fever, Mexican spotted fever, and New World spotted fever 
(Harwood and James 197), 


Vector for RMSF 


The common vectors for the wansmission of RMSF are bard 
ticks, mainly Dermacentor (D.) andersoni (Rocky Mountain, 
wood) and D. variabilis (American dog tick) (Levin etal 
2017; Ismael and Omer 2021). These two species of ticks 
fare considered as the common species in the noethwestern 
States and the easter United States. Ticks need several 
factors to complete thei lifecycle for the hatching of eges 
and molting which include a suitable host, suitable 
humidity, oxygen, appropriate temperature, and a proper 
place (Estrada-Pea et al. 2012). Various species of hard 
tick act as the vector for RMSF and this depends om the 
‘geographical area for example: there are three common 
species of hard ticks in Noh America including 
Rhipicephalus (R) sanguineus (brown dog tick). D. 
variabilis (American dog tick) (Fig. 1) and D. andersoni 
(Rocky Mountain wood tick) (Fig-2), Both Amblyomma and 
Rhipicephalus act as the matin vectors for RMSF in Cental 
and South Ameria, mainly in Costa Rica (Oteo etal. 2014: 
Levin et al. 2017; Ismael and Omer 2021). Additionally 
several species of hard ticks have been reported in America 
such as Ambivomma imitator, Amblyomma parvum, 
Amblyomma americanum, Haemaphysalis leporispalutris, 
‘and Dermacentor nitens (Labrana and Mattar 201 

‘A bard tick has a complex and long-life cycle: involving 
four morphological stages during ther life eycle including 
the egg, larva, symp, and adult (Fig. 4), The adult female 
lays eggs, which is then converted in to larvae. The process 
‘of converting cach stage is called molting. Hard ticks 
remit on the host for a short period or during their whole 
lie cycle. During this time, they consume various numbers 
cof blood meals during biting (Walker and Raoult 2000; 
Golezardy 2006; Williams et al. 2007). The hard ticks life 
fejele bepins once an engorged adult female tick found a 
proper area to lay her eggs. Normally, the hatching of eggs 
fccurs within one to four weeks. The released larvae are 
‘very small in size, light in color and have six legs. Larvae 
fare responsible to find @ new animal host for feding on 
blood and complete its lie eyele (Brumin etal, 2012: Tian 
etal 2020), 
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‘The host is infected with disease, when the larvae attach to 
the suitable host and feed on its blood hy using. its 
‘mouthparts (including chlicerae and hypostome) leading to 
the initiation of infective stage into the hest blood (Varela- 
Stokes et al. 2008), After that. the larvae drop off on the 
‘ground and molt to the second stage of the tick called 
rymph, which may form one or more nymphal stages and 
the number of molting difers according to the species of 
hard ticks and environmental conditions such as temperature 
and optimal humidity (Walker and Raoult 2000: Tian et a 
2020). The nymph stage then feeds on the host and as usual, 
they deop off again on the ground and molt to adult males 
and females. Both nymph and adult stages are brown and 
have eight legs, and an adult female feed on the host til 
hecome engorged. Engorzed females lay thousands of eggs 
‘nthe ground and duese depend on the species of hard ticks 
and environmental conditions (Sen etal. 2012), 


“The Role of Dogs in RMSF 


2 sanguineus (brown dog ticks) infect both humans and 
animals (Demma et al. 2005; Yaglom et al. 2018). It was 
identified for the frst time during the RMSF outhrcak as & 
potential vector of R. rickersit in Non America, and the 
role of stray dogs has been suggested as reservoirs and 
Primary hosts for the Rhipicephalus at the same time 
(Demma et al, 2005; Nicholson et al. 2006). In. North 
‘America, brown dog ticks dhat transmit the R.rickensi can 
transmit muny other pathogens such as Anaplasma spp. 
Babesia spp. Bartonella spp. and Ehrlichia spp. (Higueht et 
a, 1095; Mathew etal, 1996; Wikswo et al. 2007: Diniz et 
al. 2010), Due to these characterises, there are increasing 
‘utbreaks of RMSF in countries that have a lage number of 
stray dogs (Yaglom etal. 2018). 


Pathogenesis of RMSF 


‘The causative agent of RMSF. A. ricketsit infects and 
replicated within the endothelial cells that ine the small blood 
vessels, cues systemic vasculitis and is the main cause of| 
skin rash and petechial lesions onthe skin (CDC 2019), The 
hcteris cause direct injury” to microvascular lining. and 
damage to vascular cadetheial cells The endothelial cells 
release mere prostaglandins which may increase the vascular 
permeability and escape of high amount of fluid into the 
neighbor tissues resulting in edema and loss of blood volume 
(Rydkina eal 2006; Zhou et al, 2022) Injury and damage of 
blood vessels Tea! to the inflammation Known as vasculitis 
and this ease bleeding and cloting in vital organs, mainly 
the brain, Many other pathological changes may occur due to 
host response to RMSF such as encephalitis, myocarditis, and 
interstitial preumetis (Sahni etal 2021; Zhou et al. 2022) 
“The severity of the infection and clinical signs depend 
sever factors including age, sex, body color and history of 
chronic disease ic. diabetes mellitus. (Pearce and Grove 
1987: Parla etal. 2003). 
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Fig. Iz Adult tick uf Dermacentor yarablls female) (Biggs et 


aL 2016) 


Fig 3 Al of Rupes sanguine (Female) (Bigs et al. 2016) 


Usually, the incubation period of RMSE ranges from 2 w0 4 
days following a tick bite. Most tick bites are painless, and 
some people may not even remember getting bitten, while in 
Brazil one case was reported with an incubation period 
ranging between 1-21 days, RMSF is characterized. by 
nonspecific clinical signs such as fever (37 °C -39°C), 
headache, muscle pain, vomiting, and nausea. It may lead 10 
sash, breathing difficulty, avominal pain, seizure, and shock 
if not treated correctly (Patdock an Childs 2003: Gotlieb et 
al 2018). The typical rash usually appear following 2-4 days 
of fever and in some cases may appear between 1-6 days. 
The rash initially appeared as small ft pink papules om the 
ankles and wrist and then distributed to the legs, arms, and 
body trunk (Fig. 5), By the end of the first week, the rast 
develop into a maculopapular rash sith central petechiae 
(CDC 2000; Regan etal 2015; Lindblom 2016; Elzein et al 
2020) In RMSE a skin rash may be not obvious in patients 
vith dark skin (Kirkland etl. 1995: Rathi nd Rathi 2010) 

Children also showed similar signs of RMSF asin adults. A 
study found a serious case of RMSE in the child sixteen 
‘months ol, presented with persistent high-grade fever lasting 


Fig. 2: Adult tick of Dermacentor anderson! (Female Biggs et 
aL 2016) 


lg: Life cyte of Hard Tick (Varela-Stokes ea. 2000) 


longer than a week and skin rash dhat dramatically involves 
the palms and soles ofthe feet (Fig. 6 and Fig. 7) (Inamadar 
tnd Aparna 2019). The skin eash appears early in children as 
compared to adults Purvis and Edwards 2000 Murali eta. 
20}, The common symptoms in children include facial 

of legs and generalized body edema, 
enlargement ofthe iver and spleen, pneumenia, hyperemia, 
and yasculitis of the eyes (Fig. 8) (Azad and Beard 1998: 
‘Chapman eta. 2006: Agahan etl. 2011), 


At the carly phase of disease, it is very dificult 10 
dllferentste between RMSF and other diseases that have the 
same clinical signs sueh as high fever, chills, fatigue, and 
myalgia, Therefore, its unable to suspect the RMSF at 
beginning ofthe disease, because of no specific signs. while 
in the advanced stage ofthe disease is easy to diflerentiate 
between RMSF and other diseases, because of special 
Petechil skin rash and eschar formation (Pasklosk und Che 
2003; Gaile etal. 2018), 
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Fig. 5 (A.& B): Rash on the upper and lower limbs C. Esch in 
‘he ann (Elin eta. 2020), 


Fig 6: Sinton months old child with clear eas on their palms 
‘Ananda and Aparas 2019) 


Fig, 7: Sixteen months old child with clear ash on their foot 
‘les Unamadar and Aparna 2019) 


The carly diagnosis depends on the history of the disease 
suc as patients having tick bites (specific skin lesion) and 
previous exposure to the endemic region where for RMES 
(Chen and Sexton 2008) 


Serological test sich as indirect immunofluorescence 
antibody assay (IFA) is considered the main standard test 
for the diagnosis of rickettsial spocic. Antibodies are 
‘commonly detected aller the onset of infection between 7- 
10 days. The sensitivity and specificity of IFA are about 94 
Qi and 80 respectively and it depends on the time of 
‘load collection (before or after 14 days of infection). The 
second is enzyme-linked immunosorbent assay (ELISA), 
‘which is also used for the detection of antibodies 
(Bhlihiosis, 2004; Biggs eta 2006) 

Immunofluorescence staining test, is used to detect both 
fatal and non-fatal types of RMSF. by taking a biopsy from 
the skin rash for detection of A rickettai, and it has been 
proved by many studies 10 be sensitive and specific (70%- 
100%) respectively (Walker 1995: Demma eta. 2008), 
Histopathological method, is used forthe detection of skin 
‘icketlsial antigen. It is done by taking a biopsy from the 


Fig: Hypotesa found inthe cid eye (namadar and Aparna 
ani) 


skin rash, followed by the preparation of a smear and 
staining with eosin and hematoxylin. stain. The infiltration 
ff mononuclear cells which surrounds the vascular system 
‘of skin are shown under the miroscope (Sexton 2011) 
Immunchistochemical staining test, s another test used for 
the detection of RMSF. The sensitivity and specificity of 
this test ranges from 70-100 6 respectively. Its also used 
for the detection of skin rickettsial antigen as in 
histopthological method while under the microscope it 
appears as foal lesion (Kao etal, 1997; Stewart and Stewart 
2021), 

‘The Polymerase Chain Reaction assay (PCR) is highly 
effective for detection . rckertsii DNA in skin rash biopsy 
than in blood stmples and this is due to R rickensié being 
‘eancentraled more in skin rash in advanced stages of disease 
than inthe blood sample (Demma et al. 2008; Institute of 
“Medicine US 2011; MeQuiston et al. 2014), 


The recommended drug for the weatment of all types of 
rickettsiae infection is doxycycline which should be 
prescribed immediately alice RMSF is diagnosed. 
Doxyeyeline is highly effective on intracellular bacteria and 
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its use is safe in children, therefore, doxycycline is 
recommended as a specific treatment for RMSF by the 
American academy of pediatrics community. Rickettsiae has 
resistance to many antibities that have lower activity on 
intracellular bacteria suchas cephalosporins, 
aminoglycosides and timethoprim-safametoxs- zoleand 
penicilins (Todd et al. 2015; Biggs et al. 2016), 
Daxyeycline is recommended forthe effective treatment of 
RMSP for adults and children (Minnicar and Buckingham 
2000: Todd etal. 2015; Biggs etal. 2016). 

The recommended dosage of doxycycline, for aduls, is 
ahout 100mg every 12 hours which may be given orally oF 
IV. For children, itis Amg and should be divided into to 
dosages and given every 12 hours (orally or IV). 
Doxyeycline should be given for three days asa minimum, 
‘while inthe severe cases, i should be given at least 5-10, 
days, In the cise, of patients allergic to doxycycline, 
‘chloramphenicol is the second drug of choice for RMSF 
(Thornes etal 1998; Thomas etal. 2000; Todd eta. 2015), 


Prevention and Control 


‘Till now there is no available vaccine for RMSP. Therefore, 
to decrease the morbidity and morality of RMSP in endemic 
regions, it should be diagnosed properly and suspected 
patients should avoid to visit endemic areas in spring and 
summer seasons (Helmick et al 1984; Drexler et al. 2014), 
Early steps of prevention include the protection from the bite 
of ticks. reducing contact with tick population, mainly fom 
forested, and grassy regions and finally ticks that are adhered 
tw the body should be removed carefully (Centers fr Disease 
Control und Prevention Tick Removal 2016), 


Conclusion 


RMSF is a zometic tick-borne disease found worlds that 
infects humans (including adults and children) and dogs and 
is trmsmited by hard ticks. Its considered as one of the 
‘main public health issues because ofits igh prevalence and 
clfects. It is not promptly recognized and diagnosed. and 
‘may leads to death. The two factors that leads to death 
include the delayed or incorrect dignosis of the case 
Fhecause of no early specific sign and the delayed treatment 
fof cases with doxyeyeline because if a patient does not 
receive doxycycline during the fist five days may lead to 
‘many systemic complications, Finally, the suspected 
patients who have a history of tick bites. oc have fever and 
‘kin rash in an endemic region should be treated carefully. 
Save peoples life from RMSF in endemic regions, is 
depending on the carly accurate diagnosis and correct 
treatment to prevent the occurrence of fatal complications. It 
is the responsibilty of the publie health sector to prevent 
‘and control the disease in the endemic regions by reducing 
the tick population and reducing stray dogs because dogs 
play an important role in the RMSP. 
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INTRODUCTION 


Livestock is one of the most important sources of the 
‘economy for any country. So, itis necessary to ensure the 
good health of animals, ther development and prosperity, 
fand to preserve it from wasting and death. This is only 
posible by the periodic examination to ensure that ts ree 
from bacterial, viral and parasitic diseases and focus on 
ssving vaccines on time. Parsitic infections among small 
ruminanls play significant role in animal death and 
productiviy, and Eimeria is one of the parasitic protozoa 
‘with a wide spread epidemiology among all animals, 
‘including small ruminants, The rates ofits spread among 
animals have inereased recently, and the reason for this is 
the spread of random grazing and the dependence of 
shepherds om feed from contaminated sources. Another 
‘reason fr the inereased infection isthe mixing of animals in 
the same barns and lack of ventilation leading to the 
massive spread of sporozoites and emergence of new 
species that didnot exist. previously. Therefore, it is 
necessary to give the the utmost importance to this subject, 
dnd to follow up on the frequency of Eimeria between this 
region, and to find solutions to eliminate the parasitic 
infection. ‘The emergence of new types of Eimeria yas 
‘noted when it was detected atthe molecular level. Formerly, 
fimeriosis was thought to be caused. by the obligatory 
intestine intracellular apicomplexan protozoan parasite 
Eimeria spp. (Vakkcbalt and Rezaci 2010). The disease 
rapidly spread throughout the world and afflicted many 
animals, costing both individoal farmers and the ovine 
business very badly (Reeg et al. 2005). Bimeria spp. is a 
parasite that infect several domestic animals, with the site of 
infection being the gut and occasionally other organs, 
including the liver and kidney (Levine 1973), 
‘Taxonomically. Eimeriaspp. has been placed in the 
Eimeridae family including, more than 1,000 species and 


the genus Eimeria comprising the majority of species 
affecting domestic animals as well as birds. Thre is total 15 
species known to infect the sheep. however. Eimeria (E.) 
‘ovinoldalis and E. crandallis are the two most dangerous 
species (Catchpole et al.2000). There are 17 species known 
torhave been found in goats, although the pathogenic species 
E aploingi and & ninakohlyakimovae are. paniclarly 
‘common (Cavalcante etal. 2012), In lifecycle, Ooeysts are 
fexercted in the faeces of infected animals and require 
favourable environmental conditions, such as temperature > 
15°C and relative humidity > SOP, eo mature into Sporulated 
‘oocysts that are capable of infecting other animals in the 
Same field (Daugschies and Najdrowski 2008). Additionally. 
the principal route of transmission of disease between 
snimaly is through the ingestion of contaminated foed and 
‘water containing oocysts (Fitzgerald 1980), 


Historical Preview 


‘The first discovery of Eimeria spp. was documented in 1674 
by Antonie Van LeevaHook, who examined parasitic cysts 
in gall bladder ofrabbits. Then, schizogonous stages was 
dlesript by Schneider in 1875.Later, avian Eimeria oocysts 
‘vas desribed by Leuckartin 1879,Schaudinn documented 
the whole life eycle of the parasite in 1900; thereafter 
Eimeria was regarded as a distinc species Irom Eimeria, 
tnd the term Eimeria was frst recorded in 1902 by Stiles 
and Liihe. The frst discovery af Eimeria spp. in goats was 
documented by Marotelin 1905, who give it the name 
Coccidiaumarloingi having the Micropyle. The pathogenic 
aspects Were clearly described by Johnson in 1930 and 
‘Tyzzeret al. 1932 (Soulsby 1974), 


Eimeria sppin Sheep and Goats 


Different species of Eimeria found and describe in sheep 
and goats around the world (Sweeny etal. 2011). In sheep, 
Fiftcen species of Eimeria was described. by ‘Soulsby 
(1982), like: £, asatawas described by Honess(1942). E. 
‘ving by Levine and Ivens (1970), £ ovinoidalishy by 
Yakimoif (1932), E crandallis by Honess(1942), E_ fourei 
by Moussuand Marotel(1902).gilrutiby Marin (1900) 
and Chatton (1910), £. gonzaelziby Reichenowand Carini 
(1937), £. granulosa by Christensen (1938). & havkinsi by 
Ray (1952), E inricara by Spiegl (1925), E. pallida by 
Christensen (1938), £. parva by Kellan et al (1951), £ 
punctate by Landers (1055) and E. weybridgensis by Norton 
tnd catchpole (1976). There are several species of goats 
have also been reported including E.ninakahlyatimovae, E 
hire E. caprina, E.caprovina, E-alijvi,E aficiensis,E 
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christenseni, E. punctarae, B. kocharli E. jolehijevi, E 
“pshronica, E. capralis, E. masseynsis, E. tharisioni, E 
‘minasnsis and E.arloingi. B. arloingiand 
rinakoklsakimovaeare considered as the highly prevalent 
pathogenic species (Silva and Lima 1998; Chartier and 
Paraud 2012}. ln lrg Leiper (1957) first documented the 
Eimeria spp. in. sheep. then Mirza (1070) recorded. E 
‘ahsara, £. ninakohlyakimovan, E: invicase, E. faurel, B 
‘carandailis, E parva and E- granuolosa.E. ovinoidalis and 
£Pallida was frst mentioned by Yakob etal. (1989) 


Geographical Distribution and Prevalence 


Eimeria bas a worldwide distribution in sheep and goats, 
land it is difficult to define a specific geographical split 
between a single er numerous genus and species. AS a 
result, sporadic occurrences of a Single species with severe 
pathogenic consequences have been seen. Otherwise, some 
Species have no pathogenic effect under normal conditions, 
and several publications have documented the occurrence of 
Eimeria spp. in shcep and goats around the world, Factors 
such as management, sanitary conditions, temperature, 
agroecology, climatic and environmental conditions, and the 
immunological response of the host. dosage of infection, 
‘and simpling duration can all affect the occurrence and 
distribution of Eimeriosis in different places (Khodakaram- 
Taftiand Hashemnia2017). 

In Poland, 4.6-60% prevalence of Eimeriaspp. was recorded 
in sheep (Gorski et al. 2004), whereas in Austria the 
prevalence was 97-1008¢ (Platzer eta 2005), 43.1% (Reeg 
etal 2005) and 37-61% (Hashemnia etal. 2014) and 74.8% 
prevalence was reported in Brazil Berto etal. 2013). Chia, 
Zmloabwe, and Egypt recorded 91.5% in adult sheep and 
lambs, respectively (Kaya 2004; Yakhchali and Golami 
2008 Mohamaden et al 2018). In USA the prevalence of 
Eimeriaspp. in goat was 97% (Kahan and Greiner 2013), 
‘while in India it was 96.66% (Kaur etal. 2017), 65.07% in 
Egypt (Mohamaden et al. 2018), 55.99% in Pakistan 
(ehman et al. 2011) and 73.91% in Brazil, respectively 
(Macedo etal 3019), 

In Irag, distribution of Eimeria spp. varies aevording to the 
periods, regions and breed of sheep and goats, In Baghdad 
Province the prevalence in sheep with Eimeriosis was 
“70,000% (Abd Al-Wahab, 2003), while, in Divaniya province 
it was reached to 16 in lambs as recorded by Dawoed et 
(2008). On the ether hand, Kalef and Fadl (2011) reported a 
Prevalence tate of 49% in Baghdad province and 
Mobammed (2013) reported a prevalence rate of 67.5% in 
sheep in AlMuthana province. In Diyala province, the 
infection rate of 86.00% was recorded in sheep and 87-30% 
in goat (Minect 2014). while AL-Sadoon(2018) recorded a 
prevalence rate of 84.16% in sheep in Wasit province. The 
rate of infection with Eimeriaspp. was alfected by the way 
the farm was run and the number of cases of was found 
lower in large and closed farms, This did not necessarily 
mean that these farms had intensive systems, but i's ikely 


because these farms used stricter hygiene measures und de- 
Parasitization methods. Other factors, like differences in 
‘immunological competence due to differences in nutritional 
status, could have also played a role (Knox and Steel 1996) 
Furthermore, inadequite hygienic sanitation may be 
regarded as a risk factor for Eimerioss, as it ean increase 
the duration and! amount of infecion/exposure and the 
incidence of infection owing to contaminated food and 
water. Furthermore, stress may also promote 
immunosuppressint conditions, The presence of non- 
‘cemented Moors, closed housing system, and a large herd 
size, resulted in the greater contamination of overcrowded 
animals and feeding and watering troughs(Altaf and 
Hidayatua 2014). Furthermore, there may be statistically 
significant differences between a body condition score and 
Eimeriaspp. infection; for example, Khan et al. (2011) 
found a greater infection rate in sheep with low body ratings 
‘compared to those with superior body’ ratings, On the other 
hand, there are positive connections between conditions 
sc as temperature and the severity of infection in semiarid 
and subhumid regions (Balicka-Ramisz 1999). This 
‘correlation might he related tothe effect of temperature on 
Eimeriaspp. sporulation rates (Graat et al. 1994). This 
‘correlation explained that temperature effect om sporulation 
rates of the Eimeria spp. (Graat et al 1993). The breed 
susceptibility differences also affect the Eimeria spp. 
infection. Indigenous goats in Zimbabwe were found to Be 
resistant to Eimeriosis, while Angora and wild goats were 
found to be more likely to get clinical Eimeriosis than dairy 
breeds geats (Chhabra and Pandey 1991), 


Pathogenicity 


Many factors affecting on the Pathogenicity of Eimeria such 
as thedose of oocysts ingestion, host cells destruction, 
location of parasite in hostissues, stage of infection, general 
‘eonlition and age of host. and degree of immunity which 
may be acquired or natural (Kaneko et a2008: Moreet al 
2011). Gregory etal. (1983) looked at sheep that had been 
infected with E. crandallis aad E, bakuensis. They found 
that these parasites can cause the host cell to go through 
mitosis and can sometimes divide at the same time as the 
host cell. During an £. crandallis infection, parasites can 
also divide continuously at the same time aleng withthe 
‘epithelial cells of the host. Cox (219) discovered that 
heavy Eimeria spp. infections result in schizonts found in 
mucosa and submucosa cells with high destruction and 
haemorrhage when compared to light infections that alfect 
intestinal mucosa with local absorption. On the ether hand, 
some Eimeriaspp. infections resulted in superficial 
development with ville atrophy, that might he dae 10 a 
decrease in epithelial cell lifetime and the surface area 
accessible foe absorption, resulting in a lower feed 
clfciency. Typically, infection with different species of 
Eimeria xt sume time was common inthe field and cause 
sever puthological effects (Blood and Radostiis 1989) 
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Catchpole et al. (1975) detected that mixed Eimeriaspp. 
infection in sheep resulted in prolonged patency and 
increased oocyst prediction with or without clinical signs 
In general, E. ovinoidals is regarded as one of the most 
virulent species in sheep (Gregory et al. 1989; Abakar 
1096). In goats, £. arloingiand & ninakohlyakimovae are 
the most common pathogenic species (Cavalcante et al 
2012). Stress and. environmental yariables are key 
predisposing factors in Eimeria pathogenesis, and a research 
thas shown that these factors are linked to recurrent 
‘outbreaks of Eimerisis (Gul 2007). Sometimes lambs and 
‘kids that treated with crtcosteoids can convert subclinical 
infections to acute clinical infection (Gasmit 2005). On the 
‘other hand, schizonts growth cause damage in the caecum, 
‘which cause most numerous and mucosal polyps in sheep 
(Taylor and Catchpole 1994). 


Clinical Signs 


Different experimental studies showed _dliferent clinical 
signs in lambs and kids infected with Eimeriosis without 
‘rominenifferences when used inoculated dases (Dai et al 
20816) The inital clinical symptom of Eimerisis infection 
include the abrupt acute diaries with bad odours and stools 
including mucus and blood, as along with an increasing loss 
‘af body weight (Llood and Radostiis 1989), According toa 
siudy-palemucous membranes, weakness, staggering, 
dyspnea, dehydration, andrecumbency were also reporid in 
diseases animals(Mohamed. et l-1990). While Abakar 
(1996) noted an appetite, dallness, pale mucous membranes, 
‘and minor pyrexia as clinic indications of acute Eimeriois, 
leading toa disruption ofthe digestive system resulted in the 
release of water, electrolytes, and protein (Reid et a. 2012), 
‘Several lambs may eventually die on dehydration because of 
lartiea and lose of appetite while, some lambs die with 
profuse watery diarrhea (Taylor etal 2007) 


Diagnosis 


Eimerisis may be diagnosed in sheep and goats based on a 
‘ease history, clinical indicators, gross lesions, necropsy 
results, and microscopic analysis ‘of faeces by flotation 
‘method using various floatation liquids. So, nosropsyand 
recognized schizonts in lesions make a positive diagnosis 
(Levine1973)_ Inthe acute phase of Bimeriosis, the presence 
‘of a large number of sporozoites may lead to the tissue los, 
resulting in the formation ofmerozoites that are failed 10 
locate and invade new cells in order to grow before any 
‘vcysts form (Gregory etal 1983). Typically. Eimeria can 
easily be diagnosed through faecal examination using 
floatation technique (Levine 1961: Menezes and Lopes 1985). 


Molecular Characterization of Eimeria spp. 


The wie of available tols in molecular biology is important 
to detect any parasitic infection that may infect human and 
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animals and is important in modem Veterinary Diagnostic 
Parasitology comparing with the techniques used in past 
(Zaslenga and Higgins 2001). So, in the pus, studies that 
looked for Eimeriasp. used citer traditional characteristics 
‘or combination of traditional characteristics and other 
methods, such as the electrophoretic variation of enzymes in 
avian Eimeriaspp., which uses variation in DNA sequences 
‘The PCR-based assay has also been described, which could 
be used to identify Eimeria spp. (Viljoen and Nel 2002) 
‘The development of novel DNA-based dingnostic tests 
might expedite and simplify’ the identification of 
Eimeriaspp.. wile the application of the PCR technique is 
‘changing the detection of pathogens (Erich et al. 1991) 
According to Al-Sadoon (2018), the molecular study 
revealed the highest infection rate of Eimeria spp. of sheep 
at Wasit-province, Irag via PCR on sheep faecal samples 
(84.16%), and phylogenetic ree analysis of the common 
four Eimeria species (E. ovinoidalis, E crandals, E alsa, 
‘and E, weybridgensis) has. been disclosed employing 
Iultiplex’ PCR. The total infection rate of Eimeria spp. 
through PCR analysis showed a significant increase between 
species and included 57.42% positive samples, with E. 
‘ahsata having a higher infection rate (53.44%) followed by 
E ovinoidalis 29.31%), E. weybridgensis (12.93) and E. 
‘randalls (4.31%), respectively 


Molecular characterization of Eimeria spp. by 
Shaheed (2021) in Basrah Province, Iraq 


‘This study foundeleven Eimeria spp. in. sheep and six 
Eimeria species in goats, respectively. ‘This recognition 
{depends on the shape and stueture of isolated oocysts under 
microscope as: Eovinoidalis, E. erandallis, E ahsata, E- 
eybridgensis, E bakuensis (ovine), E intrcata, E fauret, 
E. pallida, E. granulosa, E. parva and E_ marsicain sheep. 
while E.arloingi, £. ninakohlakimovae, E. hire, 
christenseni, E. aspheronicaand E. capralisin goats 
Sporulation time of isolated oocysts was recorded by using 
Sugar solution in flotation, maturation, growth and 
diagnosis of Eimeria as a substitute method to potassium 
dichromate and formalin, that usually use in sporulation of 
Eimeria spp. The sugar is known as 8 nutritional substance 
with no caution oF side effects compared to the potassium 
dichromate which is a carcinogenic substance while the 
formalin is also reported to be a harmful chemical to the 
human respiraory system, The resus were astonished by 
using the sugar solution, as the rate of sporulation was 
‘estimated of 100% compared to the potassium dichromate 
‘which was observed giving a lower rate of only 30% of 
sporulation. In addition, the characteristic of Eimeria were 
very clear as a eyst that sporulted in the sugar solution 
‘compared to the eysts where sporulated in the potassium 
dichromate which was unclear under light microscope: The 
time of sporulation was continued from 1 day to 5 weeks 
with sugar solution. in comparison to 7 to 12 days with 
potassium dichromate. The result showed & baluensis and 
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para of sheep and E.arloingi,E. ninakohlakimovae, E 
hrc, E. christensen, E capralisot oats need three days ot 
more to begin sporuiation, while the ether Eimeria species 
‘ned less than three days to hegin sporulation. According to 
the result of phylogenetic analysis there were nine Eimeria 
‘pp. recognized from twenty-five PCR positive fecal sample 
‘of sheep. E. ovinoidalis, E. ahsata, E. crandallis, Eimeria 
‘np. voucher and E. bovis infected the extle, E.hirci and E. 
Christensen’ infected the goats and Eimeria labbeana-like 
infected the birds and were recorded as a new species, and 
sheep infected with nonspecific species which was’ Bist 
record as a new species of Eimeria at Bastah province. It 
fan be noticed that all isolates of Eimeriaspp. showed 
92,54-99.51% similar identity with Eimeriaspp. isolated 
from dliflerent countries and recorded in Genbank, and it 
showed close association with the isolates detected from 
Iran and Jorden 


‘A- Evolutionary Relationships of Eimeria spp. 
Isolated in BasrahProvince, Iraq 


‘The Neighbor-Ioining method was applied to generate an 
estimate of the evolutionary histry of the taxa that were 
investigated, and the bootstrap consensus tree that was 
derived from 50) different iterations of the analysis was 
selected in arder to symbolize the evolutionary history of 
the species, When a bootstrap replicate is dene, branches 
that Belong to partitions that vent been replicated in more 
than 50% of them are collapsed, Next to the branches are 
the percentages of duplicate trees in which related taxa were 
‘grouped together in the bootstrap test (S00 times). The 
evolutionary distances were calculated using the Jukes- 
Cantor meted. The research used 24 nucleotide sequences 
‘with codon locations 1°4246364Noncoding in units of the 
‘numberof base substitutions per site. All spots with blanks 
for missing information were taken out. In the end, there 
‘were a total of 268 locations in the datasel. MEGAT was 
used to do an analysis of evolution. Fig. I shows 
Phylogenetic analysis of Eimeria spp. isolated from small 
ruminants by using bootstrap consensus tree and Fig. 2 
shows phylogenetic tree by using Neighbor-Joning method, 
Molecularly, all species found and recorded forthe first 
time inBasah province by using novel primers, Likewise, 
the normal host of E, labheanaare birds but it was isolated 
from sheep showing greater similarity with other sruin 
submitted at GenBank from Iran, Jordon and Turkey. The 
results showed that these were neighboring countries and 
‘movement of animal in these countries by following import 
land export laws allowed the transmission of Eimeria and 
‘other parusitic infectons’The evolutionary history of the 
studied taxa was figured out by using Neighbor-Joining 
‘method (Saitou and Nei 1987). The history of detected 
isolates was shown by the bootstrap consensus tee figured 
‘ut from 500 replicates (Felsenstein 1985) and evolutionary 
distances were found using the Jukes-Canter method (Jukes 


and Cantor 1969). Table 1 shows the percent identity of 
detected isolates with sequences svailale in GenBank. 


B: Eimeria species detected in sheep 


Eimeria ovinoidais: Oocysts with an ellipsoidal form, 
‘smooth wal, coleuress to pale-yllow, no polar cap, present 
inconspicuous micropyle, mean size 26'54018% 20.3408 
having range 27.5 20% 21.5 — 15 jim with sporulation 
period 1-3 days (Fig. 3), 
Eimeria crandallis: Oocysts ate subspherical to broudly 
cllipsoidashape and has smooth wall, with a miropyle, 
Wich may be distinct or indistinet and a micropylar cap. 
pale yellowish in color. Mean size 25081 1x19.1208 
having range 27.5 — 18.5) x (20 12.8 um and 1-3 days 
assporulation time Fig 3). 
Eimeria weybridgensis: Oocysts ate llipsoidal to 
subspherical shapea smooth wall, colerless or pale yellow. 
Iicropyle and polar cap presentamean size 
SL.OL1.542080 7, with range 34.5 -24.5 24 ~ 20 ym, and 
1.3 days as sporulation time (Fig. 4. 
Eimeria parva: Oocy's shape is spherical to subspericel, 
smoothwall colorless 10 pale yellow, Polar cap absent 
“Micropyle absent, mean size 18.91.0x 15.6810 with range 
22-10 18-7.5 jm and 3-5 days as sporulation time (Fig. 4). 
Eimeria ahsata: Oocysts are ellipsoidal shape, a smooth 
wallyellowish brown colo, with uistinet polar cap, and 
Iicropyle, mean sizeS6.421.8x 24.141.3, with range 42.5- 
27.5x25-22.5 ym and 23 days as sporulation tise (Fig. 5). 
Eimeria faurei: Oceyst is oval, pale-yllowish-beown in 
‘colour, coated with a smooth layer, no polar eap and 
prominent micropyle, mean size 32.120,6x 23.249.7. with 
range 37-22.5%27-20 jum and sporulation period 1-3 days 
(Fig-5) 
Eimeria bakwensis: Oocysts are ellipsoidal shape, pale 
yellowishbrown, micropyle and mieropylar cap presen, 
Sporozoites Tying head to tail in sporocyst, mean size 
31.420.9% 18.939.6, with range 36-2024 — 15 ym, and 
2-4 days as sporulation time (Fig. 6) 
Eimeria marsica: Ooeysts are ellipsoidal shape, colorless 
slightygreyish or pale yellow with smooth wall, with 
micropyle (indistinct) which may have an inconspicuous 
rmicropylar eap, mean size 22.7344  15.750.7, with range 
22.5-18.5x15-8 ym and 3 days as sporulation time (Fig. 6). 
Eimeria intricata: Oocyst ae ellipsoidal shape o slightly 
ovoid, brownish yellow to dark brown in eoler, with thick 
wall that is granolar and transversely striated, micropyle in 
the outer layer, a micropylar cap. mean size 48.022.3% 
37.718, with range $6 — 40 x41 ~ 30 um, and 1-3 days as 
sporulation time. (ig. 7. 
Eimeria granulosa: Oocysts are urn-shaped. with a large 
micropleand micropylar eap at the broad end, yellowish- 
brown in color with ‘osmooth layers, mean size 
Sje1 4422.141.4, with ange $5 - 22. 2517.5 yam, and 
2 days as sporulation time. (Fig) 
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‘Table 1: Sequence ideatiy with Acesson number of sain in GenBank 


Student cade Sequence eae Wentty Eiweia sp. Tceanon number Ar Geni 
i ar ‘ORAS Eimeria on STE, FTE MZS62302-1 
Mzse2a10.t 
2 ais Me 93.0 Eimeria haute HSO6: HSDI MZ562408.1 
MZs«406.1 
2 G6 Ms 9.28% Eimeria cramdalis HS03; HSIO; HSI MZS62407.1 
Mzse2si2t 
MZ5«2817.1 
4 ale Me 9.28% Elmer crams HSO7; HSDS; HSO0 Mzsi2a00.t 
MZ562810.1 
MZse2811-1 
5 as 99.05% Eimeria crandalis HS21 MZs62421.1 
6 Glo KO2% Eimeria christensen HSI MZse24181 
7 Go 99.46% — Eimeria hires HSIT MZS62815.1 
* Ge 99.01% Eimeria chrisensen! HS28 Mzsa2a05t 
9G 97.98% Eimeria fare HSUS MZ562408.1 
lo Ge ORAT% — Eimeria ovimidals S12 Mzseaats.t 
Ho 96.02% Eimeria sp. RY-20U6a HSI, HSL; HSI S20, 22. MZS62400 
MZse2401.1 
MZs«2815.1 
MZ562820.1 
MZ562422.1 
2 st rn) 93.40% — Eimeria christensen HSIS MZse2st6 
1B St M20 9.28% Eimeria ovinadals HSI; HS24 MZ5623041 
Mzs62825.1 


Eimeria pallida: Ovcysts are ellipsoidal, smooth wall 
colorless topale yellow or yellowish green, Polar cap absent, 
Micropyle absent, mean size 19.820.6x16.8#12, with range 
20-12 15-8 ym, and 1-3 days as sporulation time Fig. 8). 


Eimeria Species Detected inGoats 


Fimeria:ninakohlyakimovae: Ooeysts are ellipsoidal or 
slightly  subspherical, thin-walled, colorless, without 
micropyle or micropyle cap mean size 23.5#1.0x16 081.2. 
‘with range 24.3-20%19.5-1 um and sporalation ime is 14 
days Fig 9) 

Eimeria christensen: The oocysts are oveid or ellipsoidal, 
colorless topale yellow. with a micropyle and micropsle 
fap mean size 1-1.6%17, 1205, with range 4-27%31-17 
Jum and sporulation time is 3-6 days (Fig. 9) 


Fig. t: Phylogenetic wee 
ansiysis (Boop 


Eimeria aspheronica: Oocysts are oveid, greenish to 
yellow brown, with a micropyle but without a micropyie cap, 
mean size 24.630 3x17-SE1 2, with range 37-24 26-18 ym, 
and sporulation time is 1-2 days (Fig. 10), 

Eimeria hrc: Oocysts are ellipsoidal to subspherical, light 
brown tobrownish yellow. with a micropyle and micropyle 
cap, mean size22 840.314.2211, with range 23-18%19-14 
jum, and sporulation time is 1-3 days (Fig. 10). 

Eimeria arloingi: Oocysts ar ellipsoidal or slightly oveid, 
with athick wall a micropyle and micropyle cap present. 
mean size 29241 6x17.121-1, with range 42-17%19-14 jum 
and sporulation time is 1-4 days (Fig. 11). 

Eimeria capralis: Oocysts are ellipsoidal with a distinct, 
micropylecap, but without micropyle having mean size 
29,521,5«19.640., with range 4-25« 245-195 mand $ 
days as sporulation time (Fig. 1) 
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Fig. 2 Phylogenetic woe analysis 
(Neighbor Joining method) 
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Fig. 6 Sporuaed and non 
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dE marsiea (40K) 
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Ehrlichiosis: Tick-borne Malady 
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INTRODUCTION 


Ehrlichiosis o especially canine ehrlichiosis ix an important 
tick-borne disease with worldwide dstihation ranging from 
Brazil to the United States of America (Duner tl, 204: 
‘Dumler etal. 207; Heitman et al, 2016). Ehrlichia canis was 
{itt identified in Algerian 1935 by Donation and Lestoquard 
(Harrus etal. 1098). It was discovered upon examination of 
dogs showing signs of anemia and fever. Formerly. i vas 
called Tropical Canine Paneytopenia, but later more 
nproprately renamed to Canine Monceytic Ehrlichiosis 
(Hussoll etal. 1970). Commonly ehrlichiosis is associated 
‘with signs including fever, fatigue and myalgia Buller et al 
1999: Dumler and Walker 2014). In his chapter, various 
aspects of Ehrlichia like its history life cyee, transmission, 
pathogenesis, clinical signs. symptoms, treatment, contro, 
find prevention of ehrlichiosis ae discussed inthe following 
sections. 

‘An Ehrlichia infection affecting platelets was ist identified 
in the US in 1978, Its causative agent was identified to be 
Ehrlichia platys whieh was later renamed Anaplasma platy. 
It camed a clinical syndrome of cyclic infectious 
thrombocytopenia in canines (Harvey et al. 1978). 

Several species of E. canis were discovered in dogs aver the 
span of the 1980s to 1990s. However, improvement in 
‘molecular genetics later proved that these were species of 
Anaplasma ce Neorickensia (Dummer etal. 2001). Thais why 


to date only E. canis is the single species that has been 
isolated from dogs in Europe (Keysaryet al. 1996; Aguire et 
al, 2004). Many other species of Ehrlichia including 2. 
‘chaffeensis, E ewingii,  muris, and E runinarum out of 
‘which only E.muris was found in Ixodes icks in Russia and 
Slovakia (Shpynov etal. 2006; Sptalska etal. 2008). 

E. chaffeensis is a major etiologic agent that causes 
chrlichiosi in humans (CDC, 2010), has been identified 2s, 
the most-wide spread tck-horne disease of humans in the 
Souther United States (Beall etal. 2012), A few cases of E. 
‘ewingi infection are also reported inftequently and most of 
them were discovered in patients already having a history of 
immune incompetence (Buller etal. 1999; Chapman et al 
20416; Thomas etal. 2007: Allen et al 2014: Dumler and 
Walker 2014), 

‘The life cycle of Ehrlichia has been outlined in Fig. 1 & 2 
Briefly, Ehrlichia isnot transmitted from adult female ticks 
to the eggs. The newly ln eggs ofthe ticks are uninfected 
‘These eggs grow into uninfected larvae. When these larvae 
_growon infected reservoir hosts they become infected ater a 
blood meal. Infected nymphs are formed from these 
uninfected larvae. These nymphs have the ability to infect a 
new host and they can accidentally atfect human hosts too. 
After infecting new hosts the infected nymphs grow into 
infected adults, These adults can transmit infections to new 
hosts. When residing on a host the adult female ticks lay 
uninfected eggs on the hosts nullifying the expression of 
‘vertical transmission of Ehrlichia in ick. 

‘The Ehrlichia are taken up by ticks through blood mal as 
<lementary bodies (Fig. 2). These elementary bodies reside in 
the gut and then migrate to the salivary glands of the tick. 
When this tick bites a healthy” person the Ehrlichia are 
transmitted to. the host as elementary bodies. These 
clementary bodies are phagocytosed by neutrophils. Inside 
neutrophils, these clementary badies are developed. in 
morulae with reticulate bodies. The reticulate bodies keep 
developing until the cll bursts releasing elementary bodes 
into the blood of the host fom where it is once again taken 
by the ticks (Ganguly and Mukhopadhayay 2009), 


Disease in Animals 


Ehrlichia canis can cause disease in dogs of all breeds 
imespective of their sex, age or breed. However, German 
Shepherds and Siberian Huskies are found a be more prone 
to ehrlichiosis, These breeds also show poor prognoses for 
recovery (Nyindo etal. 1980 Haerus etal. 1997), Dillerent 
strains of chrlichia cause disease in both animals and humans 
‘as shown in Table | 
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‘able 1 lope agents of diferent ype of Ebichioss in fret hosts 
No. Disease Tos owen Teens 
‘Huma GranuTocyse Eeichionis Huma Elicia cifeous, Eoca eng (Ganguly and Nuapadhayay 2009) 


T 
2 Human Monoeyuc Eiichioss Human Elvlichia elfen, Evichuaevingl’ (Ganguly and Mukbopadhs}ay 2000) 
3. Canine MonceyicEhichiois Dogs Elvlichia ants (Haars eal 1997) 
&__Heuwater Rusinans Elicia ruminanion (Allsopp 2010) 


Fig. 1: The infection eye of 
lich 


O mmm. { 


lg. 2: The fe eee of Eichia 


Pathogenesis monocytic cells ae found to be aflected due to an infection 

but several other cells have also been described by many 
‘The E chaffeensis pathogen mainly affects vertebrates, This researchers that are influenced during an Ehrlichia infection, 
pathogen targets the mononuclear phagocytic cells. Mostly. The other cells infected by £. chaffeensis include 
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‘metamyelocytes, lymphocytes, promyelocytes, atypical 
lymphocytes, and band and segmented neutrophils (Maeda et 
al 1987: Abbott eta. 1991; Dumler et al. 1993; Paddock ex 
al 1097). The morulae of Ehichia are found in the cells of 
fan infected person. There may be { or 2 morulae in a cell 
This number can go up to 15 morulae in the leucocytes of 
person with below-average immune competence (Paddock et 
Al 1993; Barenfanger et al. 1996: Martin eta 1999), 
Histopathologically, bone’ marrow is the most researched 
tissue for checking the palhogenic effects of Ehrich but 20 
‘casistent pathogenic pater have been seen in this disease 
‘until now: However, reserchershave found the bone marrow 
in a normocellalar ce hypercellular state along with myeloid 
hyperplasia ar megakaryocytes, bth may aso occur together 
sometimes (Standaert etal. 1998; Due et al. 1993: Grant 
tal 1997), 

In human “monocytic ehrlichiosis (HME), the eytopenia 
associated with diseases is nota direct resl of infection. The 
disturbed cell count is ruler aributed to peripheral events 
like sequestatien, cellular destruction mostly by phagocytosis 
fof infected and some nen-infected cells to0 and consumption 
fof the cells Harkess et al, 1989: Dumler etal. 1993), 
Pathological signs scon in Ehrlichia are often found in 
pitients suffering from some immune-compromising 
disorders along with Ehrlichia. These signs include edema of 
the lungs, difse alveolar damage, interstitial alveolar 
Ihemorhage, and intralveolar hemoethage (Dumler etal 
1991: Paddock etal 1993: Marty etal. 1995; Paddock tal 
1997: Fordham et al. 1998). Peivascular infiltrates may also 
be found in several organs including meninges without any 
cvidence of endothelial damage cr thrombosis. 
Lymphohisteytic infiltrates are the dominant «ype of 
infiltrates often found in organs (Marty etal. 1995; Paddock 
tal 1997; Walker and Dumler 1997), 

Focal necrosis may also be sen inthe liver, splen, and lymph 
rhodes in the bodies of patients suffering from Ehrlichia 
‘hutfeensis (Duraer etal. 1991: Paddock eta. 1993). Diffuse 
hhemorshages may also be discovered in visceral organs 
including the urinary bladder. kidneys. meninges, and 
slgphragm (Marty et al, 1995; Paddock eal 1997), 


E. canis infection can produce a yariety of clinical signs in 
‘dogs alter infection depending upon the strain that has 
infected the animal. The sins may also vary according to the 
immune response produced by the host's body. Infestation 
‘with ticks and ether flea-borne pathogens can also cause the 
signs 10 deviate from the typical ones or may sflect the 
severity of the infection. Even sometimes it happens that 
sometimes dogs donot show any clinical signs or laboratory 
Findings related tothe diagnosis of Ehrlichia infection despite 
boeing cartirs of E. canis (Harvey etal. 1978: Greig etal 
1096; Egenvall etal. 1997: Harrs eta 1997; Varela etal 
1997 Bretschwerdt et al. 1998; Egenvall et al. 1998: 
Goldman et al. 1998; Lillichaak et al. 1998; Neer 1998: 


Breitschwerdt 2005: Leiva etal. 2005: Komnenow etal. 2007; 
Diniz et al. 2008; Tabar etal 2008: Litle 2010), 


Diagnosis 


Ehrlichia canis aggregates oF morulae are rarely detected 
‘hough blond smear microscopy. Only -- 6% of clinical 
‘ess of ehrlichiosis were found loa blood smear morale 
discovered by microscopy. However, the likelihood of 
detecting morulae increases if microscopy of the bully coat 
is performed instead of whole blond (Mylonakis et al. 2003). 
Further confirmation techniques ike PCR mst be used for 
surefire identification of Ehrlichia. An expert eyologist may 
also be abl to identity Ehrlichia morulae by microscopy of 
lymph node aspirates under ol immersion field views. This 
\schnigue is also not very effective for diagnosis and has ony 
12 50% chance of success (Mylonakis etal. 2003: Mylonakis 
tal. 2011). Different diagnostic tools fr Ehrlichia are whole 
blood smear microscopy. bufly coat smear microscopy, 
«ytology of lymph nodes, and PCR technique (Fig 3). 


‘Transmission 


“Many of the ticks found in homes, gardens, and pastures are 
also responsible for Ehrlichia transmission, Out of many 
‘examples of such agents involved, Rhipicephalus sanguine 
‘complex of ticks is the top suspect. It is ane of the Hicks 
‘ort found indoors, It may also he common in many other 
places. Other ticks may also be involved in Ehslichia 
transmission in other places like gardens and grassy areas. 
‘This suggests that the dogs can become infected with 
EBhdlichia being transmitted through these ticks at any time 
and in any place. Even in the backyard, gardens, and grassy 
pices found near houses, dere srs that dere might be 
Ppalation of ticks there that ean transmit Ehrlichia. So 
‘whenever 2 dog is involved in any activity that demands 
‘boing tor being near a grassy area. tis at risk of getting in 
‘eontact with ticks and hence becomes a target of Ehrlichia, 
infection (Bremer eta. 205). 

canis canbe also transmitted among dogs through the bite 
‘of brown dog ticks R sanguineus (Bremer etal. 2005). 


‘Treatment 


‘The tetracycline group of antibiotics shows promising resuls 
wen used for treating chrlichioss in dogs of canine 
‘monocytic elichisis, The drug of choice from this tbe 
used against Ehrlichia is doxyeyeline. Two dasing methods 
‘an he used to administer daxyeyeline to the dogs. The frst 
method is a once-a-day dosing system. A single dase of 10 
mighkg should be given to the dog orally once a day. The 
second method isa vice-a-day dosing system, In this system, 
the per day 10 mg/kg dose of doxycycline forthe dog is 
livid into two parts of S mg/kg, This dose is then two times 
‘day with an interval of 12 hours between two doses instead 
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Fig, 3 Dillerent diagnostic ols for 
Enihia 
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‘of giving one single dose for 24 hours, These doses ether asa 
Single per day dose or bie per day doses shouldbe continued 
for at least 4 woeks for complete recovery of dogs from 
Ehrlichia. This treatment regime for Ehrlichia promises a good 
prognosis, Hence, elfective response can be seen in Ehrlichia 
sick dogs once this treatment protocol is implemented (Harrus 
tal, 1998; Harms et al. 2008; McClure etal. 2010) 

‘The prolonged treatment time of 4 wecks is strcly 
recommended to completely cure the dag fom ehilihioss, 
During experimental investigations, it was proved that 
shortening this eatment periad causes "unforeseen 
‘Sreumstances in term of prognosis and recovery. Several dogs 
that were experimentally infected with Ehrlichia and given 
‘doxycycline fora shorter period even at recommended doses, 
slid not recover completely. Instead of recovering completely, 
these dogs hecame subclinical carries of Ehrlichia (Wen et al 
1097; Breitschwerdt etal 1998: MeClure etal. 2010), 


Prevention 


Until the present time, researchers have been unable to create 
a definitive vaccine against Ehrlichia in dogs for its sure-fire 
‘prevention in felines, Especially the topic of prevention of E 
‘nis infection fas seen a lot of dehate but chances of @ 
‘vaccine coming up against infection ofthis pathogen ae sill 
slim, However, recent studies have shown some hope. A 
Certain strain of E. canis has shown promising results 38 a 
‘vaccine when inattenated form. Its expected that in near 
future a vaccine will be made from this srtin fr commercial 
use (Rudoler etal. 2012). 

‘Quick action upon discovering that x do has become infested 
‘wth ticks can also elpin saving the dog from geting infected. 


With Ehrlichia Under normal conditions, it is a. general 
‘consideration that the infectious agents take 24-48 hours to 
travel from the salivary gland of ticks othe host's blondsream, 
Hence an injection of a preventive drug at tat time will sive 
the dog from geting infected with Ehrlichia (Nicholson eta 
2010), However recent studies have brought us the had news 
that some Ehrlichia agents ike E. cas are transmit frm the 
tick’s salivary glands to the host's bloodstream mere rapidly 
than the ether pathogens that follow the general 4-18 hours 
transmission time rule (Gray et al. 2013). E canis ts also a 
problematic palhogen as it can re-infect dogs even after they 
have recovered from the infection once. This happens because 
no persistent immunitys developed agains this pathogen inthe 
host's body (Harrus tal. 1997) 


Control 


‘To prevent dogs from geting ebrlichiosis the focus must be 
shifted to contol ofits transmission agent. So, the contro of 
lick populations that are transmitting Ehrlichia wil 
ulimately control the prevalence ofthese diseases in dogs. 
‘To save a dog from geting Ehrlichia infection, tis necessary 
to save them from getting in contact with these Ehrlich 
transmiting ticks. Some measures tobe taken for saving dogs 
from the attacks ofthese icks are: 

© Keep the dogs away from large felds, Large fields 
usually have high chance of having ticks. Once a dog gets 
infested with even a single tick then this ck will be 
transmited to indoor housing arews and its poplation wll 
{grow int large numbers rapidly. Ths will not only make the 
infested dog ick, bu twill also pose a threat to oer dogs 
living in nearby areas (Sainz etal 2015), 
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‘able 2: Vectrs involved in Eichia wansmision 


No Common name Saco aa [Tee 
T Dog uc ‘ernacentor varie Anderson 6 a 1003; Roland al, TVR, Kramer 6a 199 
2 ‘Western Blicelegged ck Judes pcifias Kramer eta. 199) 
3 Castor bean ck ede ins Aleka es 2001 
© Dogs should be prevented from gelting infested by the highest. ‘This tick is most commonly found in 


ticks even if they live in an area where the tick population is 
ahundant. This objective is harder to ahieve but it can be 
achieved by regularly treating dogs with acaricidal drugs 
(Torres 2008; Perera etal. 2008), 

© Registered tick repellents like pyrethroids and 
several preparations of diazinon eam be used to keep the ticks 
away from dogs (Sainz eta. 2015). 

‘Control of thes ticks is also possible by keeping in mind the 
temperatures at which the ticks are active and keeping the 
dogs indoors at that time to prevent them from getting 
infested with the ticks nthe case of R.sanguineustcks, they 
fare active only when the temperature is abave 10-12 °C but 
below this temperature, these ticks are mostly inactive. 
Hence, at lower temperatures dogs are somewhat safe from 
the infestation of these ticks and in tum from Elrlichia 
infection (Sainz etal. 2015). 

Similarly, Ricinus ticks 
temperature rises above 6°C. So, these ticks are more active 
as compared tothe A. sanguines ticks and hence require more 
intense measures for saving dogs from being infested with 
them (Gray etal. 2013), 


Ihecome active when the 


Disease in Humans 


Zoonotic ehrlichiosis in humans is a potentially fatal tick 
home disease. In humans, ehrlichiosis can be caused by 
infectious agents like Ehrlichia chaffeensis of Ehrlichia 
‘evingi. The ist ease of human monocytic ehrlichiosis was 
diagnosed in 1991 and its etiological agent was discovered to 
be E chaffeensis (Dawson etal, 1991) Later inthe year 1992 
cases of granulocytic ehrlichiosis were also diagnosed and 
reported. These eases of ehrlichiosis were different from the 
‘ones reported in the pst because the infectious agent 
inyolved in causing diseases this time was found to be E 
‘ewingii (Dawson etal, 1991: Fishbein etal. 1994; Paddock 
‘and Childs 2008; Chapman etal 200), 


‘Transmission 


Centers for Disease Control and Prevention in 2010 and 2014 
reported that in humans, erlichiosis is majorly transmitted 
‘only through tick bites. The main culprit invalved in the 
‘ransmission of ehlichioss in humans is a ick named the 
Tone str tick along with several other species of ticks as 
shown in (Table 2). The scientific name of this tick is 
Amblyomma americanum, Transmission of Ehslichia solely 
‘happens through bites ofthis ick und hence Ehrlichia is most 
revalent i the regions where the lone star ick poplation is 


southeastern, south-central. and northeastern parts of the 
United States (Paddock and Childs 2003; Beall et al. 2012) 
‘These lone star ticks ar particularly very effective agents of 
Ehrlichia transmission. Ther effectiveness increases because 
‘of characteristics like being ageressive non-selective feeders 
and having the ability to bile and transmit infections 
throughout all stages of life (Childs and Paddock 2003) 
Centers for Disease Control and Prevention in 2010 stated 
that the adult and nymph stages are however the major 
culprits of Ehrlichia transmission. The feeding seasons of 
these stages coincide with the peak infection seasons of 
Ehrlichia, This peak is achieved during hot weather ringing 
feom the month of May to July (Paddock and Childs 2008: 
Dumler and Walker 2014), 

‘American Academy of Pediatics in 2015 released a 
Sotement claiming that transfusion and transplantation of 
‘organs like liver and kidney have also been reported as a 
‘medium for transmiting E. chaffeensis Antony tal. 1995 
Paddock and Childs 2008; Dumler and Walker 2014: 
Sachdev et al. 2014). Only one such ease of Evtichiaewingii 
transmission has been reported to occur when a young boy 
‘went through the ransfusion of platelets (Regan et al. 2013) 


Zoonosis 


Many wild and domestic animals serve as reservoirs for 
EEhlichia pathogens, These animals then serve asthe bass for 
the zoonotic trasmission of Ehrlichia to humans dou 
licks. An example of such a wild reservoir animal is the 
white-tailed deer scientifically named Odocuileus 
virginianus. This dee has been found tobe naturally infected 
with E chafeensis and is thus involved in maintaining its 
enzootic cycle (Yabsley et al. 2002; Childs and Paddock 
2003; Paddock and Yabsley 2007). Similarly. just like the 
‘white-tailed deer, domestic dogs are alsa involved in the 
Zoonotic transmission of Ehrlichia by serving as reservoirs 
‘maintaining the enzootic lifecycle ofthe pathogen. Domestic 
‘dogs are majorly found to be the reservoirs of E ewig 
(Yabsley etal. 2002: Beall et al. 2012). The dogs can also 
serve as transport cartirs, The pet or stray dogs once infected 
‘ean carry the pathogen closer to human populations making 
them more prone to being infected with Ehrlichia (Childs and 
Paddock 2003 Paddock and Childs 2003) 

‘Along with Ekrlichia, some animals can also serve as 
Potential hosts forthe lone star ticks making te transmission 
‘of Ehrlichia from animals to humans possible. This eategory 
includes a large number of animals, Some examples of such 
animals are domestic dogs, birds, abit, goats, wild turkeys, 
red foxes, opossums, canids, and raccoons (Childs and 
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Paddock 2008; Paddock and Childs 2003; Paddock and 
Yabsley 2007), 


Signs and Symptoms 


Inhumans, ehrlichiosis has non-specific symptoms that begin 
to appear alter 7 to 14 days of incubation period post- 
exposure to the infectious agent (Dumler and Walker 2014), 
In humans, the commonly observed signs of Ehlichia 
include fever, headache, chills, nausea, myalgia. and malaise 
(Baller etal, 1999 Dumler and Walker 2014). 

‘Severe illness in the ease of ehrlichiosis is indicated by some 
characteristic signs. In adults the signs seen with increasing 
severity. of ehrlichiosis usually included confusion, 
Iymphadenopathy. diarrhea, and cough. However, the signs 
‘of severe illness were seen to differ in children as compared 
tw adult patients. In children, the severity of ehrlichicsis was 
‘marked by the appearance of edema on he bands and feet. 
When laboratory diagnostic tests for further studying the 
pathological effects of Ehrlichia infection were conducted, 
‘some new facts were unveiled foe the researchers. Ehrlichia 
also affected the Blood profile ofits hosts. This disturbance 
‘was seen as leukopenia and thrombocytopenia during the 
blond analysis ofthe patients. Along with these blood fst, 
the conduction of serum analysis also revealed increased 
serum levels of hepatic aminotransferase (Dumler and 
Walker 2014), 

According to reports from the Centers for Disease Control 
fand Prevention 2010, a large number of cases of E 
Chafjeensis infection in children were marked with the 
appearance ofa rash, The rash was seen in less than 1/3 of 
the ehrlichiosis cases of adults, The rash seen in ehrlichiosis 
started as 1 maculopspalar rash in the carly stages of 
infection. However, 2s the infection progressed the rash also 
changed its sate from maculopapular to petcchial (Harkess 
tal. 199; Paddock and Childs 2041; Chapman tal, 2006: 
Dumler and Walker 2014). American Academy of Pediatics 
2015 confirmed in its reports thit the rash had some 
‘characteristic appearance areas onthe human body. The rash 
‘va typically seen on the tank Te rsh started to appear 7 
days aller symptoms developed inthe patient. The rash often 
‘kept itself limited to the trunk and didnot spread to the bande 
for feet of the patient (Chapman et al. 2006). It was also 
‘observed during diagnostic studies that the rash is commonly 
seen during E chaffeensis infections, Rashes were rather rare 
to he seen when a person was diagnosed to be infected with 
. ewingii (Chapman etal. 2006). 

E. chafeensis infections lead 10 the appearance of severe 
signs. E. chaffeensis infections have been reposted to lead to 
death in {to 36 of eases out ofall E. chaffeensis infections. 
The death of a patient ean occur as early as during the second 
week of infection by £. chaffeensis (Paddock and Childs 
2003: Chapman etal. 2006). However. £.ewingit infections 
are muct less severe than E.chaffeenss infections. E ewingit 
causes milder signs during infection. There are no deaths 
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reported due to E. ewingi infection (Paddock and Childs 
2003; Dumler and Walker 2014), 


‘Treatment 


Ehdlichiosis wsually appears like any other infection and the 
signs can vary ffom mild to moderate and severe. Generally. 
people are hospitalized for treatment of Ehlichia depending 
upon the severity of sigs. Around 50 10 70 % of the people 
infected with Ehlichia are hospitalized for treatment 
(Fishbein etal 1994; Paddock and Childs 2003: Chapman et 
al. 2006) 

‘According tothe American Academy of Pediatrics 2015, itis 
necessary to begin the treatment of Ehrlichia as soon as the 
‘signs and symptoms appear. Laboratory confirmation should 
not be regarded asa reason to delay the eatment (Chapman 
ct al. 2006; Todd et al. 2015), American Academy of 
Podiatrics 2015 has recommended beginning treatment 
within 5 days aller post appearance of signs of Ehslichia 
infection to expecta better prognoris forthe recovery of the 
Patient ats compared to the situation where treatment is 
Withbeld or delayed heyond this time frame (Fishbein etal 
1904), 

Unjustiied delay in treatment or giving no treatment to an 
Ecchi patent at all can lead to severe consequences asthe 
idisease progresses. I can lead to the failure of important 
organs ike kidneys, The nervous may also be affected due 10 
Ehsichia infection. It can also lead to issues like Adult 
Respiratory Distress Syndrome (ARDS) and Disseminated 
Intravascular coagulation-ike syndrome (Dahlgren. 2011: 
Dumler and Walker 2014), 


Prevention 


Since the main agents for Ehrlichia transmission in humans 
tr the ics, the main efforts of reducing chrlichisis depend 
fon the effective comizol of tick populations and. the 
climination of its reservoirs (Childs and Paddock 2003) 
Dogs ca also serve as reseoits for both icks and E exingt 
so tis recommended for pet dog owners to be careful that 
their dogs should not come in contact with infection or 
become a reservoir of ticks. This objective can he achieved 
hy using aariide-containing collars, veterinary ectoparasite 
ceontrol drugs, o by using topical applicants against tick 
attachment and infestation (Perera ea. 2009), 

‘The American Academy of Pediatrics has recommended in 
2015 that starting treatment of Ehlichia-infected patients st 
ihe earliest opportunity afler appearance signs ts 2 good 
measure to save hua ives but prevention i til better than 
‘eure. The best option to prevent ehrlichiosis infections in 
humans is to avoid tick bites. The people and pets visiting 
Ehrlichia endemic and tick-infested areas should be checked 
for ticks to prevent the transfer of ticks. Regular checkups of 
people and pets should he made customary as & preventive 
measure for reducing Ehrlichia transmission. As there is 00 
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‘vaccine or prophylactic drug against Eblicha,itisnecessary 
for humans to reduce their exposure 10 licks to prevent 
infection, An important measure that people ean adapt 10 
prevent tick bites is to wear full-covering clothing 
‘impregnated with permethrin, Furthermore, using repellents 
naviethyL-m-toluamide (DEET) is also ellective (0 avoid 
tick bites (Chapman et al. 2006; Bret et al. 2014), 


Conclusion 


Ehrlichia might seem a moderate disease but can result in 
fatality if left untreated. Ehrlichia affects a wide variety of 
animals, The major impact of Ehrlichia ix seen in ourbeloved 
pet dogs. This disease can not only kill a dog. but it can also 
lead to disease in humans too if the dog is affected by an 
Ehrlichia tain with zoonotic potential 

‘Such a situation makes itnecessary for humans to take special 
‘are of preventing Ehrlichia transmission from infected dogs. 
In absence of a vaccine, the best method for preventing 
Ehrlichia infection is by preventing tick infestation im dogs. 
there is no agent to transmit Ehrlichia then there wil be no 
spread of infection. This prevention is far beter than a 
‘medicinal cure because even afer dog has fully recovered 
from Ehlichia. tail emins a carrer of Ehrlichia, This puts 
the other dogs, animals, and even humans around it at isk of 
‘an Bhlichia infection 
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INTRODUCTION 


Pascioliasis is a zoonotic disease caused by a trematode 
parasite belongs tothe genus Fasciola (Bargues eta. 2016) 
Ie has a wide range of geographical distribution and found 
across the world (Charlier eta. 2020). Fasciola species are 
commonly known as liver flukes, as they are leaf shaped 
(David 1990). The flukes are hermaphrodite and are mainly 
fcnfined to the bile ducts of the liver or gall bladder of 
infected hosts. They cause liver-rot in ruminant hosts, that 
‘may lead to the death (Khoeamian etal 2014), 

Fascoliasis has been listed asa neglected zoonotic disease by 
the World Health Organization (Mas-Coma etal. 2018). I 
‘as a predictable impact on livestock production (Kalu 201). 
According to an estimate, over 600 million animals were 
infected with it worldwide, having an annual estimated 
economic loss to nearly $3 billion (Toet et al. 2014). The 
Fublic health risk with Fascioliasis among people was 
estimated to he about 17 million cases worldwide (Mas- 
‘Coma et al. 2009a), and up to 180 million at isk of infection 
(Mas-Coma eta. 3018), 

‘The global increase inhuman fascoliasis prevalence rates are 
really correlated witha high proportion of infected ruminant 
hhoss (Ashrai etal. 2014: Diyana etal. 2019). 

Flakes of the genus Fasciola has complex lifecycle, Their 
larval stages depend om Lyminacids sails as an intermediate 
hot foe dheir grow and development (Munitaet al, 2019). A 
‘wide range of mammals including cate, sheep. goal, hase 
(Taylor eta 2013), buat camel, der and human serve as, 
the definitive host Un et al. 2019). Donkey and mules ean 
also arbor the flukes and become a reservoirs fost (Mera 
Sierra 2020) In addition, the uke was reported from pigs, 
alpaca, kangaroos, allies, and rabbits (Aleranch 2019). The 
‘occurence of Fascioaitis depends on several factors related 
to the biology of vectors and parasites, and the management of 
animal herds (Khoramian eta 2014). The distribution of each 
Fasciola species depends on the availability of intermediate 
hosts of Lymnaeid snails (Prasad eal. 2008), 


Fascioliasis appears in two forms, acute or chronic, 
depending on the extent of dhe disease and the required time 
for its occurrence (Radiostis tal. 2007), The main economic 
impact of fascioliasis is the condemnation of the infected 
liver along witha decrease in proictvity and a reduction in 
the growth rate of infected animals (Usip eta. 2014), 
Fascioliass is an emerging disease in many counties, 
‘especially when there is a tration of eating uncooked 
‘vegetables harboring the infective metacrcaral stage Ashrali 
tal, 206), Sa. its regarded as one ofthe foodborne diseases 
with grealer pathogenic effects mostly inthe acute phase of 
infection during 3-4 months (Chen and Mott 1990). Global 
‘changes appear to have a correlation with the emergence of 
fascioliass such as importation/esportation and livestock 
‘management (Mi-Coma al. 2009), environmental 
anthropogenic modifications, travel (Ashraf et al. 2014) and 
alteration in buman diet raditions (Ashraf etal. 2006), 


Etiology 


Fasciolass is considered as food and water bone zoonotic 
infestion caused by digenean trematodes of the genus 
Fasciola (Alemneh 2019), Fasciola (F.) hepatica (Linnaeus 

8) and Fasciola (F) gigarsica (Cobbold 1856) are the 
‘common and more prevalent flukes causing infection in 
human and animals (Admassu etal. 2015; Amer et al. 2016) 
F. hepatica is nealy distributed throughout all continents, 
while gigantea is mostly restricted tothe pars of Asia and 
Arica (Meray Sierra 2020) 


Taxonomy 


‘The parasitic tapeworms belong to the Phylum 
platyhelminths involve two classes: Class Cestoda (the 
Tapeworm) and Class Trematoda (he flukes), The class 
‘Trematoda is further divided into two main subclasses, 
Monogenea (direct life cycle) and Digenia Gnvolving 
intermediate host). The trematodes belong 10 the family 
Fasciolidae comprising of the parasites of major veterinary 
importance. According 10 Urquhart et al. (1996) the 
taxonomic classification of Fasciola is as follows: 


Kingdom: Animalia 
Phylum: Platyhelminthes 

(Clase: Tremateds 

Subclass: Digenia 

‘Order: Echinostomida 

amily: Fasiodae 

Genus: Fasciola 

Species: F hepatica, F. gigantica 


‘Citations Abdulah SH, TOI5. FascioTasis rx Aguiar-Marcelino L. Younus Mi, Khan A Saeed NM and Abbas RZ (eds), One 
Health Triad, Unique Scientific Publishers, Faisalabad, Pakistan, Vol. 3, pp: 78-85. htpsi/dotorg/|0.4727B/booke oh 2023.80 


Fasciola 


Morphology 


hepatica and F, gigamicu can be distinguished 
morphologically based on characteristics of ther body length 
and wid (Ashrafi eta. 2006: Itagaki et a. 2008). The adult 
luke of F. heparca is large atened and leaf-like,anterioely 
Provided with cone shaped projection followed by a pair of 
Prominent shoulder, with wider and rounded poster end 
{Hendrix and Robinson 2006), Flakes are grayish brown in 
color changing to gray when preserved (Wagari 2021). The 
“adults possess two suckers for attachment. The oral sucker at 
the anterie end surrounds the mouth and the ventral one, 
situated on uke’s ventral surface (Urquhart et al. 1996). The 
flucks” tegument is absorptive and armed with backward 
directed spines. together with the suckers, assist o preserve 
the parasitic position in the bile ducts by an clfecive 
mechanism (Smyth 1994). The muscles lie directly under the 
tegument, and the organs are packed in a parenchyma since 
they lack the body cavity. The digestive system starts with oa 
‘opening leading into a pharynx, esophagus and a pair of 
blindly branched intestinal ceca. A large number of ciliated 
flame cell together forms the excretory system, and the waste 
‘metabolic products pass through a connected tabular system 
and exposed externally. The simple nervous system consists 
‘of to anterior ganglia and pair of longitanal rns arising 
from them (Urquhart et al, 1996; Rickard 2001). 

Based om geomorphology, F. hepatica is short and possess 
broad shoulders, whist F. gigantca is elongated and with 
narrower body (Mas-Coma and Burger 1997: Lotly and 
Hiller 2003). F hepatica measures “30-20 mam * 10 ram 
sand F. giguntica measure “27 to 75m" * Umm" (Brown 
1980), When hybridization of both species occurs within the 
hhos's body, “subsequent offspring have intermediate 
Dhenotypes (Vara-Del Rio etal. 2007; Beesley et al. 2018), 
Due tothe presence of the intermediate form combining. of 
‘morphological and molecular techniques for distinguishing 
‘of Fasciola species is critical especially in regions where 
fluke species overlap (Haridwala et al. 2021). Both species 
have the ability to reproduce sexually or through sel 
fertilization (Sheriki etal. 2014), 


Fog 


‘The eggs of Fasciola spp. are large in size, oval, yellow 
brown in color, with a thin shell and possess a distinct 
‘operculum. The eggs of F. hepatica measure up to “130 to 
150 gm by “60 to 90 jm” (Hendrix and Robinson 2006 
and in F. gigantca measures up to “120 -180 pan" by "80 - 
110 ym’ (Phalee et al. 2015). Eggs consist of a fertilized 
‘ovum with vitellie cells surounded with proteinous shell 
(Andrews 1999). The ova contain one cell stage embryo 
surrounded by a group of oval body yolk cells. Development 
‘of eggs to reach maturation in both Fasciola species required 
12-16 days. and the miracidia hatch within 4 days after 
‘maturation (Hussein etal. 2020), 


Miracidium 


It has an clongated conical body with a broad anterior end 
and tapering posterior end, and swims at great speed (Malek 
1980), The outer surface cover with numerous cia, except in 
lateral conection regions of epidermal plas, These cilia 
appear longer on the apical parts of both anterior and 
posterior end than the rest parts of the body and remai 
Viable for about 9-12 hours (Hussein et al. 2010), 


Cercaria 


1 has a large heat shaped body and simple long tail. The 
bay covered with thick wal nis surrounded by tiny spines 
all ver its surface (Hussein etal. 2010), 


Metacercaria 


1k is spherical white color cyst directly infective to the 
definitive host. With time it hecames yellow and darker in 
color alter 1 or 2 days, the cyst measures up to “0.26 100.30, 
‘mm in diameters, and protected by thick wall capsules of 
double outer and inner layer for protection agains 
‘environmental impacts (Phalee eta, 2015). 


‘Transmission 


‘The transmitted vectors for Fasciola spp. are amphibious 
freshwater Iymnacid snails (Mas-Comsa eta. 2000). Ie was 
‘estimated that nearly 30 spocies of Iymnacid snail are 
recognized as intermediate hosts for Fasciola spp. globally 
(Mizquez et al2018). Galba truncatula isthe common 
lymnaeid act as a transmiter for F. hepatica in endemic 
temperate and subtropical areas (Artigas etal 2011; Bargues 
etal 2020), 

Different Lymnaea species including: L. cousin, L columella 
£ ollula, L natalensis, and L viridis actus an intermediate 
hast for Fasciola spp. (Hussein and Khalifa 2008). Bott 
‘adic (Re) auricularia and R- natalensis lymnaeid sails that 
liye in the subtropical and wopies area, can transmit F. 
sigantica (Mas-Coma et al. 20096). Biomphalaria 
‘lexandrina has also been reported as a tansmiter for F 
‘saigansica (Parag and El Sayad 1995), 

Other cosmopolitan freshwater lymnaeid snails which are 
responsible for transmission of Fasciola spp. in diferent 
seas include: Radix rubiginosa, Austropeplea tomentosa, 
Pseudosuccinea columella, Stagnicola corvus, and Hinklesia 
‘caperaia (Vazquez et al. 2018). The high transmission 
capacity of vectors is connected to the duration and 
Petsistence of the life span of the infected snails alter 
infection (Mas-Coma et al. 2001). 

Humans act as the incidental hosts for iver flukes (Alemnet 
2019), Ingestion of freshwater wild plants including 
Wwatereress isthe main source of infection to humans (Mas- 
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(Coma et al. 2018). In spite of watercress. various freshwater 
plant species might be involved in Fasciola transmission and 
‘human infection, which depend mainly on geographical 
distribution of those plants and the dietary traditions of 
‘peoples in that region (Mas-Coma et al. 1999). Water had 
heen mentioned as another source for infection in human, 
citer directly by drinking or indirectly by contaminating 
‘vegetables, fruits, and kitchen utensils (Chen and Mott 1990) 
Humans also become infeced with fascoliasis after eating 
raw dishes prepared freshly from an infected liver with 
immature flukes (Taira etal, 1997) 


Epidemiology 


Previous studies revealed that fasciolasis has higher 
spreading capacity, which is greatly related to the biological 
ability of intermediate ymnacid hosts and the luke adaptation 
capacity (Mas-Cama et al. 1999), Due to the ability of 
parasites and snails to develop in diverse adaptation strategies, 
the transmission rates become higher (Mas-Coma 1996), 

F- hepatica is distributed commoaly in Europe (Robinson 
and Dalton 1990), temperate regions of Asia, Alica, Oceania 
and America, while F gigantic is mainly restricted to Africa 
land Asia (Lotfy and Hillyer 2008; Mas-Coma e al. 20083), 
Both fluke types appear to be present in the same 
_geographical areas especially in some sublropical und warm 
lemperate regions in Aftica and Asia (Mas-Coma et al 
20K; Kala 2015), 

‘The larval stages of fasciolids species as well as their 
intermediate host snails, are highly dependent on climate 
features, so changes in environmental conditions have: an 
impact on liver fluke infection (Fuentes etal. 2001). The 
dissemination of fasciolisis to a new geographical area is 
essentially related to the distribution of intermediate 
Iymnaeid hosts, the presence of an infected definitive host, 
and the presence of appropriate environments forthe soa 
vector. High lands areas with acid soils, poorly drained 
marshy grizing field and waterlogged are frequently 
cstimated to be appropriate for their propagation and 
Providing high endemic areas for the development of 
fasciliases (Ayele and Hiko 2016) 

Up to 50% of infective overwinter metacercariae might 
remain viahle om pasture and infect grazing livestock and 
Capable Yo infect livestock hosts following grazing in next 
spring (Jobn etal. 2019) Their survival is mainly dependent 
‘on dampness and difident temperature, as they ean tolerate 
repeated freeze-thawing ation (Boray and Enigk 1964). 
Metacercariae of Fasciola species might remain viable for 
‘more than ene year. occasionally for up to two years with 
infectivity to induce infection in definitive hosts. 
‘Additionally, metacercarie from different livestock species 
‘origins do not show significant differences in definitive host 
infectivity (Valero and Mas- Coma 2000; Valero et al. 2002) 
The occurrence of faseioliass in humans has increased inthe 
past 20 years, due to the global increase in the number of 
infected humans and animals (Alemnch 2019). Previous 
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studies have demonstrated the significant role of human in 
the spreading of fascioliasis, especially in hyperendemic 
zones (Esteban et al. 1997), particularly where outdoor 
‘defecation is practiced (Mas-Coma eta. 1999), or where the 
correct services for waste and sewage disposal are absent 
(Hillyer and Ape 1997), 


Life cycle 


Fasciola spp. have & complex life eyele requiring the 
‘mammalian definitive hosts and a freshwater snail as an 
intermediate host (Viizquez etal. 2018) In sublropical areas. 
infection persist daring the whole yar but significantly slow 
‘down during winter (Lépez Lemes etal 1996). The essential 
point in trematode life eycle is tha, one egg of tematode 
ultimately develops into hundreds of adults, when it pusses 
though pacdogenesis phenomenon in the body of snail 
intermediate hosts (Alem 2019) 

‘The flukes are oviparous: the mature adult in bile ducts of 
definitive host lay eggs with an operculum. Eggs are 
transported from the bile medium to dhe small intestine where 
they mixup with fces (Nyindo and Lakarmbagite 2015). 

In ruminant, eggs are dropped with feces on t the pasture, 
and undertake emibryonation 6 the pyriform ciliated larva 
called miracidium. Hatching of embryonated eggs can 
happen in response to the outside stimuli such as light, 
humidity and temperature (Vizquez et al. 2018). The 
developing fec-rwimming ciliated miracidia rust find 
suitable Iymmacid snail intermediate host for its further 
development (Urguhart eta 1996; Graber etal. 2005). Ir was 
believed to use chemotactic and phototactic movements for 
vector finding in less than 24 hours (Vizquer etal. 2018) 
Upon costact, the miracidia mechanically attack the soft 
tissues of snail hosts by the effects of protelytic enzymes 
and their penetrating styles (Zhang etal. 2019), 

“The entire penetration process occurs within hit minates and 
later on the mireidium loss ts til and cilia and changes to an 
clongated saclike srucure named sporoeyst, that contain a 
hnumber of germinal cells, These clls undergo a development 
to the nest stage, the redia which migrate to the hepato- 
‘Pancreatic region of the snail and ulimately leads to the 
formation of cerita. The second generation of ea may frm 
during unfavorable envieamental emdtions. The cecaria is 
the young Huck with lng tal arises actively frm the sili 
‘considerable numbers, The majority of infected snails dic 
Prematurely due to the disruption in their hepato- pancreas 
(Urguhart et al. 1996; Rickard 2001; Graber etl. 2008). 

“The development of flukes inside the snl required about 6 
weeks depending on the environmental temperature (Beesley 
tal 2018}. The asexual development of parasite inside the 
sil refers as “clonal expansion”; a single miracidium can 
produce nearly ten to seventy hundred cerearia(Gracryc and 
Fried 1999) 

Finally, the cercaria locates the wet leave of vegetations 
hy negative geotactic movements and attach themselves, 
sed their tail and metamorphose into metacercarise 
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lg. 1 Lite eyele of Fasciola spp 


Bncysted metacercariae haye a great possibility of survival 
(Nyindo and Lukambagire 2015) 

Metacercariae ate the infective form of flukes and upon 
ingestion by suitable definitive hosts, an immature fluke 
‘might liberate, During mastication the outer cyst layer is 
‘removed, and inner cyst ruptured inthe intestine depending 
fon the enzymatic hatching mechanism, which is activated by 
suitable oxidation reduction and CO, system provided by 
intestinal environment (Urquhart et al. 1996; Rickard 2001 
Graber etal. 2005). 

‘The juvenile fukes burrow through the wall of the small 
intestine and temporarily setle in the peritoneal cavity for 
several hours (Alalabi and Lawal 2019). Afterward it 
‘migrates and penetrate the liver during four to six day 
‘wounder there for another four to seven weeks leading tothe 
centrance in the bile ducts, settle down and lay eges aller 
‘sexual reproduction. The lifecycle renitiates, when it lives 
for several years (Urquhart et al. 1996: Rickard 2001; Graber 
ct al 2005) The adult worm produces various number of 
ceges per day in diferent definitive host: reports have shown 
tht in co, itextruded 25,000 eggs and in sheep 12,000 eges 
(Valero et al, 2002) Fig. 1 demonstrate different life cycle 
sages of Fasciola spp, 


sthogenesis 


Pathogenesis accurs in two phases: the first phase is acute 
fasciliass that cccurs afer liver penetration hy enormous 
paras stages within short period of time, and migration 


\heough the liver parenchyma, lis outcome is the severe liver 
damage and hemorrhage with subsequent sudden death 
tainly in sheep. The second phase is chronic fascioliass, 
happen when fewer numbers of fuke result in infections over 
the lang period of times even in weeks or mnths. The adult 
flukes reich the bile ducts, and result in the damage of the 
Faliary mucosa hy their cuticular spies, Sometimes, acute and 
‘chronic infections can occur simultaneously. The subclinical 
{form is a commen type of fasciolosis, occurring asa resull of 
infection with low numbers of fluke, which accompanying 
reduction in weight gain and wool quality (Hayward et al 
2021). In both acute and chronic phases, the disease 
demonstrates high pathogenicity and’ immunosuppressive 
‘capucity (Valeo et al. 2003; Girones et al. 2007). 

‘Other pathogenic effects concurrent with fascoliaisinelude 
traumatic hepatitis and hemorrhage caused by juvenile Nukes 
and fibrosis ofthe migratory tacts that eventually calcifis, 
caused by adult ukes. Moreover, anemia and 
hypoalbuminemia might occur (Roberts and Subardono 
1996; Javid etal. 2011) 

In humans, the complexity of fascioliasis is sometimes 
Felated tothe capability ofthe fucks to invade vital organs, 
leading to the significant outcome and even death of the 
patient (Mas-Coma et al. 2014), 

Furthermore, the metabolites release from the liver fakes into 
the host eieulatry system associated wth anemia increases 
the concentration of serum enzymes and dysfunction of the 
adrenal and thyroid glands (Sharma etal. 2011) 

“The pathogenicity of liver fluke infection can be affected by 
numerous factors including the breed of host, body 
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condition, dietary status and the burden of infection 
(Chauvin etal. 2001), 


Clinical Signs 


Pascioliasis is associated with significant morbidity and 
‘morality in livestock (Hosseini-Safa et al 2019). Acute 
‘hase often distinguished by sudden death of up to 10% of 
the flock, due to high levels of blood loss from physical 
damage tothe liver. Typical clinial signs primarily in sheep 
land goats include reduced appetite, abdominal pain, 
depression, anemia, weight loss, and sudden death in a few 
days. Secondary bacterial infection of liver by Clostridium 
nov, daring the acute phase resulting in clostridial necrotic 
Ihepattis (Lalo et al, 2021) 

During the chronic phase, slitonal clinical signs appear such 
as inuppetence and lower weight gain, anemia, and ascites 
(Urguhart eta. 1996; Rickard 2001), decrease in milk yield, 
sania, and submandibular edema (Fula 2008), Emacition 
during chronic fascolass is prominent, especially in more 
susceptile animals and ewes during the advanced gestation 
period. The Inflammatory mediators arising from liver damage 
could have an effect on early pregnancy (Sargison and Seat, 
2011). Liver uke infection is also considered as a 
Jrodisposing risk factor lor mastitis (Mavrogianni etl. 2014), 
The flukes incidentally infect the peritoneal cavity, ngs, 
subcutaneous tissue, Iymph nodes, eye and other locations 
(Hosseini-Safa ct al 2019), In humans, various complex 
clinical disorders appear including severe neurological, 
psychiatric and ophthalmological conditions (Mas-Coma et 
al 2014), during the acute phase of infection caused by 
‘migration of numerous juvenile purastic stages (Gonzalez 
Miguel etal. 2019) 


Diagnosis 


In endemic areas, rapid! and accurate diagnosis for animal 
fascioliasis i considered as a successful prevention and 
‘weatment measure. Although there is significant progress in 
the application of new therapeutic agents, litle attention has 
heen paid to confirm the diagnosis of fascioliass in animals 
‘Amiti et al, 2021). Fascioliasis has been diagnosed by 
parasitological, immunological and molecular methods 
{Atalabi and Lawal 2020) 

Generally, fascioliasis is diagnosed by fecal testing and 
Finding eggs of parasitic flukes in soo, bile or duodenal id 
‘through wet mount and/or concentration techniques such as 
formalin ether. 

The expertise of the examiner and the numberof parasite 
ceges in the stool sample are the main disadvantages 
associated with previous diagnostic techniques. In addition, a 
‘numberof serologic procedures suchas IPA, IHA and ELISA, 
are relevant for diagnosis of fascioliasis during different 
‘stages ofthe disease (Hamoo et al. 2019) 

Serological methods give the advantages for early diagnosis 
of fascioliasis, however circulating antibodies could persist 
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in the blood for several months after effective treatment 
(Salimi-Bejestan tal. 2005; Artin et al, 2016). 

Moreover, the nucleic acid-based techniques appear to be 
‘expectant for diagnosis of recent fascioliass (Rojas 2014: 
Davies Calvani et al. 2018). Various molecular procedures 
are applicable for diagnosis of fasciolisis, ie, nested PCR 
provide higher sensitivity than existing diagnostic methods, 
‘wen fascioasis could be detected in the feces of infected 
sheep two weeks post infection (Martincz-Perez 2012; 
Beesley et al. 2018). Furthermore, sequencing the whole 
_genome, and polymerase chain reation-restriction fragment 
length polymorphism (PCR-RFLP) assay can also be used 
for diagnosis (Hamoo etal. 2019)- Loop mediated isounermal 
amplification (LAMP) isan alternative technigue, because 
molecular diagnostic techniques using PCR are not available 
‘everywhere (Martinez-Valladares and Rojo-Vazquez 2016). 
leisiwith low-cost and simple performing test, which permits 
‘quick amplification of small amount of DNA. with bigh 
Sensitivity (Amiri et al. 2021) and can be applied for 
agnesis of a variety of zoonotic helminths including 
Fasciola species (Ai 2010). Kt has been recognized to be 
more sensitive and specific by detecting fascoliais ome- 
week post infection in experimentally infected sheep 
(Martinez-Valladares eta, 2016) 


Treatment 


‘The recommended treatment depends on the mature of the 
disease. Some of the existing ants helminthic drugs are not 
flfecive against immature flukes, so these are not 
Fecommended during acute flukes outbreak. The commonly 
used flukicdes is Trclabendazole, which is effective against 
both immature and adult flukes (Ahmed et al. 2005) 
‘Triclabendzoe is also an efficent drug available for human. 
treatment (Gandhi etl. 2019) 


Control 


‘The contro strategy should be directed atthe application of 
preventive measures rather than a curative basis. The effective 
‘control measures include the treatment with appropriate 
‘nthelminties drugs to decrease the umber of parasite fukes 
in the host body and the number of fluke eggs in the pasture, 
reduction in the numberof snail intermediate host by using 
mollucicided and improvement of drainage (Ahmed et al 
2008: Fula 2009), Other control measures include the 
development of management system (housing, grazing 
practice and animal watering), reduce snail population by 
tdrying the marshy oF wot areas or using biological contol 
‘methods ike, introducing the frogs and birds (Alemnch 2019) 


Conclusion 


Fascioloss isa common parasitic infection which affects the 
ruminant productivity by its direct or indirect losses. 
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Fascioliogs 


Different factors including change in climatic colton and 
dhuman atvities play arole in further spread and distribution 
of liver flukes, Great concems should be directed against 
resistance to lukicides to reduce the numberof parasites that 
led to restrictions in their use. The drug resides in imal 
products Le. meat and mil are another issue that restricts 
anthelmintic usage at any time, due to the long withdrawal 
period of some products, Morcuver, inereasein the frequency 
of liver fuke infection among animals adversely leads to rise 
the infection rates in humana different regions of dhe word, 
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Global Review of Human Taeniasis 


INTRODUCTION 


‘Human tacniass is zoonotic cestodal infection caused by 
‘orm fom the Taentidae family. Although the disease has 
‘widespread distribution. communities in the developing 
rations bear the most of its burden, Taenidae family 
possesses three species that may infect people: Taenia (7) 
fsiatca (also known asthe “Asian tapeworm’), Taenia (7) 
solium ("pock tapeworm") and Taenia (F-) saginata 
(sometimes called "beet tapeworm") (Ito eta. 2004). 

‘The adult tapeworm of these three species is exclusively 
ound inthe small intestine of humans. For 7. saginata, cate 
serve as the intermediate host, whereas pigs are the larval 
hosts for Asian tapeworm and. pork tapeworm. Humans 
develop disease by eating 7. solium eggs trom their 
‘eavironment and act as aberrant intermediate host. Although 
pin in abdomen and loss of weight have been observed, 
Jhuman taeniass is mostly asymptomatic (Gareia etal. 2003: 
Fliser etal. 2011; Tembo and Craig 2015), though carriers 
‘may experience some discomfort when they see segments in 
their fees, particularly of motile 7. saginata (Garcia etal 
72003), Periaration in gallbladder, swelling of appendix, and 
‘bowel blockage are infrequent complications of intestinal 
‘eniass (Hakeem etal. 2012; Kulkarni etal, 2014: Atef and, 
Enna 2015; Liet a. 2015), 

‘Human health burden is caused by larval infection of swine 
cestode (7. solium). Ingestion of fertile eggs of T. solium 
causes an abnormal eyst formation in numerous regions of 
the body of human. Cysts most commonly appear in the 
subcutaneous tissue, muscles, ocular system, and brain. The 
formation of a single or multiple eysts within the central 
nervous system — often the rin — are responsible for 
inducing nervous signs (Garcia et al. 2014). 


“According toa stady condacted in various regions of world 
in 2010, disease in humans prdioced by swine tapeworm vas 
culpable for $03,000 disability-adjusted life years (DALY) 
lost per year (Muray et al. 2012). This is certainly an 
understatement of the tol burdea, considering that NCC 
‘may be responsible fr thirty percent epilepsy aecurrences in 
the prevalent gions (RajsheKhret al. 2006: Ndimutanzi et al 
2010; Bruno ct al, 2013). Swine | is also predicted to 
be the eause of 28,000 (95% CI 21,000-37,000) fatalities 
worldwide each year (Targerson tal 2015), Human taniass 
prevention and care are essential to contrel human eystcercosis, 
‘whic wil ead to decrease in epilepsy casesGareiaetal-2014). 


Global Distribution 


Inthe majority of North America, Australia, Europe, and New 
Zealand. solium has been successully etained: anough. 
‘isease transmission has been documented from some regions 
‘of Europe and North America (Sorvllo et al. 2011: 
Zammarchi & al. 2013; Devleesschauwer eta 2017), Swine 
Tapeworm is most prevalent in the developing nations, with 
the parasite endemic throughout African, and Asan countries, 
aswell asin Latin America (Braue et al, 2015; Coral- Almeida 
etal 2015), 7. sginata is more widely distributed, including 
findings ffom Europe (Dermy and Pract 2007), New Zealand, 
Australia (Howell and Brown 2007}, and other parts of the 
‘developing countries (Fisser etal. 2011), 

Haman taeniasis prevalence Varies greatly across endemic 
‘countries, wit a current meta-analysis indicating prevalence 
fof 13.9% in Aftica, 17.25% in Latin America, and 3%in 
‘Asia (Cora-Almeida et al, 2015). Prevalence of human 
taeniasis is low in USA, Canada and Australia, but the disease 
is te-emerging (Fig.l). 


Diagnosis of Cases of Human Taeniasis 


‘These estimates were made on the basis of a number of 
different diagnostic techniques. These have varying degrees 
‘of specificity (Sp) and sensiivity (Se) in the detection of 
taentasis (Allan et al. 2003) 

‘Ault Taenia carriers are traditionally diagnosed with the aid 
‘of microscope by observing ejected eggs in the feces, Despite 
the case of this diagnostic procedure in resource-poor 
situations, a key disadvantage is the microscopy sensitivity. 
‘which is limited due tothe imegular nature of released exe 
‘The reported sensitivity estimates vary’ from 3% (Allan et al 
1996) to 52% (Pract et al, 2013). Morcover, while 
microscopy has a high species specificity. speciation needs 
the examination of ejected proglttids, as Taenia eggs seem 
similar underneath the ight microscope (Wilkins eta. 1999; 
Allan and Craig 2006). 
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lg. 1 Cosmopolitan dstebuton of human taesiasis 


Fecal antigen (copro-Ag) detection is based on the 
identification of wnigue antigens in feces and, does not 
depend on active release of eggs or proglottids. like 
‘microscopy 1 identify infection. [thas now been 
cllectively proved to diagnose Tuenia spp. cariers in 
range of settings. Ina field experiment in Mexico, copro- 
‘Ag ELISA had a specificty/sensitivity (Sp’Se) of 
S9.0rh/98.0%, whereas microscopy had a sensitivity Of 
38.0%, respectively (Allan et al. 1996) 

‘One disadvantage ofthe presently offered fecal ELISAs is 
that they cannot distinguish between pork and bect 
tapeworms (Allan etal. 1996). Furthermore, cross-reactions 
‘with other gastrointestinal parasites such as, Trichuris 
srichiura, Ascaris lumbricoides, and some protozoa have 
heen documented (Pract eal. 2013). DNA-based diagnostics 
Imave now heen developed to provide species-specific 
dliagnosis. A quick nested PCR lest that used markers based 
‘nthe reported 7. solium oncospheral protein (Ts031) gene 
sequences exhihited 975-10D%  seasitvity and 100% 
‘specificity, even under field settings (Mayta etal. 2088), 
Given the fundamental challenges involved with diagnostic 
tests using faecal material, particulary in terms of health 
Ingaards and public acceptance, serological identification of 
‘mature Taenia carriers fas a clear position. This vas 
‘accomplished using an immunoblot technique for detecting 
lanuboics agains! exeretory and secretory antigens of swine 
tapeworm, When employed to test sera with confirmed 
infection status, including sera from beef tapeworm carriers 
and Echinococcus infected persons, the assay obtained a 
SefSp of 954/100, respectively (Wilkins eta. 1999), 
However, use of local antigens limited the test's 
applicability outside the laboratery, and antigens have 
recently been generated in a baculo-virus system for 
application in different tests (Levine etal. 2004). rES33 and 
TESS proteins are now being employed in an enzyme- 
linked immunoelectrtranster blot (EIT) format ina 


‘eurent eradication programme against cysticercasis in 
Peru, with both demonstrating great sensitivity of 97.0% 
and 98.0% (12833) and specificity of 100% and 91.0% 
(E838) in field testing (Levine etal, 2007), 


‘Treatment of Human Ts 


Adult Taenia spp. infections respond to the common 
anthelmintic medicines including tibendimidine (200 mg 
tne per-oral dosage) (Steinmann eta 2008) iclosamide (2 
‘/person), praziquantel (5-10 mg/kg single per-oral dose) 
(Pearson and Guerrant 1983: Pearson and Hewlett 1985) and 
albendazole (3400 malperson for three successive days) 
(Steinmann et al 2011). Thre times dase of albendazole ean 
completely cure Taenia spp. cases, while praziquantel and 
hiclosamide had effectivity rates of 95% and. 85%, 
respectively Passos tal. 2005), 

Praziquantel and niclosamide are the most. effective 
antiparasitic. medications against Taenia infection, and 
praziquantel seems to be an economical option @ $0.05-0.1 
fora man/woman asa single dose (Engels eal 2003) few 
adverse outcomes of praziquantel have been reported, 
including stomach discomfort, laziness and darehea (Raso et 
al. 2004); nevertheless. itis revealed that it may be due to 
potential of praziquantel to penetrate within brain, there may 
bre nervous impliation du tostmilation of undetected latent 
NCC (Miser etal. 2003). In spite ofthe findings. no adverse 
‘ulcomes were recorded in a research conducted in Tanzania 
in whieh school students were given the drug (praziquantel) 
in the region where schistosomiasis and cysticercoss were 
‘co-endemic (Braae eta. 2017). Allendazole therapy. which 
flso crosses the blood brain barrie may result in 
neurological adverse effects (Sotelo and Jung 1998); while 
niclosamide has low systemic penetration and hence has no 
impact on NCC (Pawlowski 2006). 
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Control Strategies of Human Taeniasis 


Preventive chemotherapy refers tothe tacniass treatment to 
reduce the parasite load in a specified population and could 
he executed in three diferent ways. 1) Mass. drug 
administration (MDA) isthe teatment of entire population of 
4 designated region at_ specified periods. regardless of 
‘Physical state. 2) Targeted chemotherapy treats the specified 
Fisk group areas at specific intervals, whereas 3) selective 
chemotherapy examines persons and cures them based on 
their clinical state (Gabrielli tal. 2011). Many studies that 
hhaye been conducted to examine the application of MDA for 
pork tapeworm (Keilbach et al. 1989; Diay etal. 1991; Del 
Brutio etal. 1996; Allan tal. 1997; Sart etal 2000; Garcia 
cet al, 2006; Wa et al. 2012; Ash etal. 2015). Most studies 
‘were found a decrease in taeniasis eceurrence, while the 
‘impact on cysticercoss (human as wells porcine) were more 
diverse (Thomas 2015). 

Data from modelling indicate that one-time MDA 
programmes rarely results in long-term suppression of 7. 
solium, with fast redactions in frequency accompanied by 3 
rapid recovery to earlier levels (Kyvsgaand et al. 2007). 
However, when MDA was used in conjunction with other 
techniques such as pig immunization and/or oxlendazole 
therapy, 3 persistent decline in porcine eysticercais and 
‘human tweniasis was documented (Kyysgaand et al. 2007 
‘Assana etal. 2010; Okello et al. 2016) 

Selective chemotherapy is considered asa important part of 
pork tapeworm contzol (Montresor and Palmer 2006; 
Pawlowski 2008; Penrith 2009), particularly with more 
health coverage (Sarti and Rajshekhar 2003) and with 
‘modeling ata indicating that this treatment results in 
significant decrease in disease frequency (Kywsgaaed etal 
2007). Two trials in the field have been conducted tll now 
that involve selective chemotherapy. Both of theve trials were 
‘undertaken in combination with targeted MDA in school. 
significant reduction in neurccysticercosis was observed in 
research conducted during eight-year interval (Medina et al 
2011), Another survey in Tanzania revealed more than 77% 
Uecreise in occurrence of Taenia infection within 22 months 
(Braue etal. 2017) 

Vaceination against 7: soln larval invasion in the swine 
hhost have been developed now. and two of them including 
SPIVAC and TSOLIS, displaying great elfectivencss 
in swines from both natural and experimental threats 
(Lightowlers 1999: Plancarte etal 1999: Huerta et al 2001 
Gonzalez et al. 2005; Sciutto et al. 2007a; Sciutto et al 
2007; Morales et al. 2008: Silva and Costa-Cruz 2010: 
Lightowslers 2010; Morales etal. 2011: Jayashi etal. 2012). 
‘One disadvantage of availahle vaccine choices i thal none 
[alls preexisting cysts; consequenly tis advied that sine 
vaccination must be administered in combination with 
foxfendazole ata dosage of 30.0 mg/kg to influence porcine 
{eysticercoss illnesses established pre-immunization. 

When employed ina field study in Cameroon, this combo of 
TSOLI8 immunization and high therapeutic dose 


‘One Health Wied 


of oxfendazole treatment provided full protction from 
infection (Assana et al. 2010). TSOLI8 vaccine (Cysvax) 
has been marketed with cooperation from the University of 
Melbourne, GALVmed, Indian» Immunologicals Limited. 
and commercial manufacturing has begun, Permission for ts 
usage in India is none in process, wih certification acrose 
Africa likely by 2020 (Thomas 2015). Catle vaccination 
against saginara has some efficacy withthe TSA9/TSA1S 
vaccine displaying excellent effectiveness in preventing 
cate from infection (Rickard etal. 1981; Lightowlers et al. 
1996; Lightowlers et al. 2000; Harrison et al, 2005), 
However, this vaccine is not presently explored on 
‘commercial scale since the existing clues do not reveal that it 
is financially feasible (Lightowlers 2006), 

Anthelmintc therapy can be sed to trea the larval form of 
T. soliam and using oxlendavole (30 mg/kg) exhibits the 
highest effectiveness (Gonzales et al. 1996; Gonzalez et al 
1907; Gonzalez etal. 1998: Gonzalez et al. 2001: Sikasunge 
tal 2008). Oxfendazole have no recorded negative effets 
(Gonzalez et al. 1998), andis now approved in several 
‘countries, and presently being manufactured. particularly 
for pigs as Panthic 10% (Thomas 2015), Bovine eysticercosis 
responds to praziquantel (Thomas and Géanert 197%: 
Pavslowski etal 1978; Harrison etal, 1984), and protection 
lover re-infection seems to extend atleast 3 months, Despite 
its effectiveness in bovines, praziquantel has still not been 
Prepared fr large ruminants. 


‘Multi Host Intervention as One Health Approach 


‘There ae several ways to combat both beef and poe 
tapeworm using approaches that address human as ‘ell 
as animal hosts (WHO 2015). Pig vaccination along with 
MDA result in rap and consistent reduction in prevalence 
ff Taenia infection in humans as well asin pigs (Kyvsgaard 
etal. 2007), 

Pigs were followed employing EITB stip diagnostic tests for 
18 mnths (US Centers for Disease Control, Adlanta, GA, 
USA}. The findings showed that living ina treated area alter 
the interventions was an important measure against porcine 
ceysticecosis Garcia et al. 2006). Recently. The Bill & 
Melinda Gates Foundation funded a wide-scale experiment 
to eradicate pork tapeworm from a vast region of emote 
Peru. Human MDA (2g nicolsamide, three rounds per year) 
is provided in conjunction with pig vaccination (TSOL18) 
tnd antiparasitic “therapy effectively removed swine 
tapeworm from the pig host in (105/107) experimental rural 
areas and parasitic elimination persisted for one year post- 
treatment (Garcia tal. 2016), 

Porcine vaccine (TSOLI8) and antiparasitic therapy were 
recently paired with MDA programme of humans (tiple 
albendazole dase 400 mg in two rounds) in Lao PDR, where 
san earlier quick decrease in human Taenia infection was 
persisted during the two years of research (Ash etal. 2015; 
Okello etal. 2016). 
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Conclusion 


There are numerous critical elements of human taeniasis 
‘weatment and control exploring significant potential and 
problems of existing therapeutic and diagnostic techniques. 
‘There is need for further scaling-out of successful pilot 
ccantrol programs in order to assesé their long-term impact 
fad costelectiveness in good way, primarily in Asian and 
‘African countries. Tere is adie need of integrating research 
findings into government policy and community-level action, 
allowing vulnerable communities throughout the globe to 
address the effects of tacniasis ina etter vay 
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INTRODUCTION 


Giardia is a genus of flagellate protozoan parasites. It is one 
of the most common parasitic agents affecting the GIT wact 
{in both animals and humans. It is a cause of waterborne 
clarhea worldwide. The disease caused by Giardia is known 
fas Giardiasis or lambliasis. Giardiasis' may manifest as 
symptomatic colonial growth of protozna and acule oF 
chronic diathea. The common model organism of Giardia 
fobserved for studies is Giardia lamblia (Leung 2011). Its 
also the protozoal pathogen most commonly isolated from 
intestines, worldwide (Eisenstein et al. 2006: Daly et al 
2010). Giardia species like Giardia (G.) duodenalis inhabit 
postions of several mammals’ small intestines like the 
duodenum and jejunum. This species has 8 genetic groups 
ranging fom A to H. These groups are separated by host 
distribution and specificity (Caccid and Lalle 2015; Kirk et 
al 2015). G. duodenalis is another name used for the same 
‘rganism called G. lamblia and G- intestinalis (Boutrid et al 
2018: Vivaneos et a 2018: Horton et al. 2019. A. 
‘characterisic lesion manifested by the Giardia infection is 
atrophy of intestinal villi (Dawson 2005; Huang and White 
2006: Halliez and Buret 2013; Robaei etal. 2014: Liu etal 
2018: Bartel and Kaplan 2018). This leads to the 
characteristic sign of giardiasis i. diarrhea (Naz et al. 
2018). 


Etiology 


“The causative agent of Giardiasis in humans is Giardia (G.) 
lablia. It has two forms in terms of morphology. These 
forms include trophozoite and eyst. The trophozoite has 
radian body with two symmetric nucle placed atthe anterior 
‘end of the body. Ishas fou pairs of flagella. The surfaces of 
the median body of trophozeite are dorsally conver. and 
‘ventrally fat. The ventral surface of trophozoite also contains 
an adhesive dsc also known asa spiral organelle (Einarssoa 
etal, 2016). The tophozoite has a pear-like shape. Itis Sto 
10 pm wide and 12 10 20 ym long. The Giardia cysts 8 
smooth-walled structure with an ovoid shape. The width of 
the eysts ranges from 7 to 10 ym while its length is about 8 
to 12 pm (Leung 2011), 

‘Out of eight genotypes of G. lamblia ranging from A to H. 
(Fink and Singer 2017: Burnett 2018; Leer and Weller 2019) 
the frst two (A and B) parastize bets animals and humans, 
While the last six genotypes (from C to H) are only found in 
animals. Animals allected by A and B genotypes include pets 
like cats and dogs, livestock animals, and wild animals too. 
Similarly. the genotypes fom Cto H area cause of Giardisis 
im livestock cattle. beavers, nd pet animals like ets and dogs 
(Cama and Mathison 2015; Mineti et al. 2016: Fink and 
Singer 2017; Burnett 2018; Leder and Weller 2019) 


Life Cycle 


Depending upon its morphological forms (Fig. 2) the life 

‘ycle of giardia is also divided into two distinct phases (Fig. 

1}. These two phases include a proliferating stage of the 

trophozoite phase and an infectious stage ofthe cyst (Fink 

and Singer 2017). 

1. The hosts ingest the cysts of giardia either through 
contaminated faeces, food, water, or any ether edible 

2. These cysts then hatch into trophozoites inthe small 
intestine followed by is replication 

3. The life cycle of giardia completes when these 
trophocoites mature into cysts and are shed trough fees 
tobe taken up by another animal (Adam 2001), 


Pathogenesis 


‘The pathogenic potential of Giardia cysts is too high that 
‘even with ingestion of a small number of eysts, the clinical 
disease may occur (Kuck etal, 2004; Burnett 2018). Once 
the cyst is ingested its excystation happens inthe duodenum 
section ofthe small intestine (Lebwbl etal. 2003; Kueik et 
al, 2004: Kalyoussef and Goldman 2010) possibly duet its 
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Fig. 2: Morphology of Giardia Trophont, 


‘exposure tothe strong gastric acid from the stomach, bile, and 
proteases from the pancreas (Lebwobl et al. 2003: Robaei et 
Al. 2014), A nuclear division already happened during the 


maturation of the cyst before excystation, so excystation 
result in the production of two motile trophozoites (Halliez 
‘nd Buret 2013; Bartel and Kaplan 2018). 

‘The main predilection site for these trophozoites ix the 
proximal part of the intestine so they are found in the 
‘duodenum and jejunum (Fig. 3) Usually, these trophozoites 
attach themselves to the entrccytes withthe help adhesive 
discs found on the ventral surface of their bodies (Romero et 
al. 2015), Although uncommon but presence of trophazoites 
in the terminal portion of the intestine, the ileum, has also 
heen reported (Heagley and Jakate 2012) 

“The pathogenie action of Giardia bepins in its wophozeite 
stage. This happens because the trophozeite hegins damaging 
the intestinal lumen wall, Giardia destroys the intestinal 
mucosa leading to the shortening of the brush border of 
microvilli, Microvilli brush border shortening may or may 
hot be accompa by villous atrophy during giardiasis. A 
deficiency of disaccharides hegan to appear and the host 
immune response is also activated, Activation of immune 
response results in increased permeability of intestines. An 
increased intestinal permeability leads to an increase in anion 
and fluid secretion into the intestines which in turn affects 
tnd changes the microflora of the intestine, Modified 
microflora serve as a stimulatory factor for enhancing the 
pathogenicity of Gilardia, ‘his results in the apoptosis of 
fenterceytes leading to the los of function of dhe intestinal 
harriers (Dawson 2008: Huang and White 2006; Halliez and 
Buret 2013; Robael etal, 2014: Live al. 2018; Bartel and 
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lg. 3: Pathogenic action of Giana in the host's ody. 


Kaplan 2018). The main agent suspected to be the eause of 
allthis destruction is an enzyme secreted hy trophoeaite, the 
fysteine protease (Liu et al 2018). Mainly Giardia 
trophozoites are extracellular parasites, This means they do 
‘not damage the cells lining the smal intestine (Adama 2001; 
Halliez and Buret 2013: Binarsson etal. 2016) instead they 
tend to proliferate while being attached to the microvill 
(Adam 3001). The trophozoites disrupt the epithelial cell 
junctions of the intestine altering the gastrointestinal 
‘motility. They also release lectins and thiol proteinase 
enzymes that have a cytopathic effect on intestinal cells 
(Leung et al 2019) In the small intestine, the trophozoites 
doable their aumbers within 9 12 hours by reproducing 
‘through binary fission (Lebwobl etal. 2003; Leung 2011), 
‘After maturation, these trophezoites are passed from the 
small intestine to the colon along with the ingesta. In the 
colon, these trophozoites then encyst (Fink and Singer 2017), 
These cysts are then readily ejected from the body along with, 
faces, These are actively infective right after ther ejection 
ffom the host's body. Hence, they are responsible far the 
further wansmission of Giardia (Adam 2001: Naz et al 
2018). The eyst wall is a very useful structure for surviving 
in harsh environmental conditions ouside the host's body. 
The eyst ean survive for weeks to about a month while facing 
‘harsh conditions such as moist weather and water as cold as 
4°C (Adam 2001: Naz eta. 2018), 


Clinical Signs 


After a Giardia eyst enters the body ofthe hos, it takes about 
3 weeks for the signs to appear (Kucik et al. 2008; Dawson 


‘One Health Wied 


2005; Biggs et al 2016). Usually, the Giardia infection 
Drogresses asymptomatically Clinical signs may appear in 
25% to 50% ofthe infected hosts (Lebwobl etal. 2003; Biggs 
tal 2016; Leder and Weller 2019) Clinical signs are usually 
Seen in young anes infected with Giardia. Infection in slt 
hosts progresses without any clinical signs in most of the 
ceases (Biggs etal. 2016). The asymptomatic catiers keep 
shedding is cyst for 6 months postinfection (Pickering etal. 
1984; Romero et al, 2015). Clinically aflected individuals 
Present a typical sign of acute or chronic diarthea. At the 
heginning ofthe infection, the stools are just loose and watery 
but as the disease progresses the odor of stool becomes fl 
and its consistency turns to greasy (Naz et al. 2018). 
Some eral spn seas ae: 

Fatigue (shown by lethargy) 
Anorexia 
‘Abdominal pin 
Flatlence 
Asthenia 
Bloating 
Weight loss (Adam 2001; Pietrzak etl. 2005: Naz et al. 
2018), 
‘The signs like abdominal aches and asthenia are more 
commonly observed in younger patients as compared £0 
audalt ones (Almirall etal. 2012), Symptoms like headache. 
chills and fever may also appear during Giardasis although 
these are rarely seen (Leung 2011). The appearance of 
blood, mucus oF leucocytes. in faeces has never been 
observed (Leung 2011; Mineti et al. 2016). These 
symptoms usually subside in 2 to 4 weeks ater the 
appearance of the frst clinical signs (Lebwebl etal. 2003; 
Leder and Weller 2019) 
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Giardia 


Diagnosis 


Giardiasis can be confirmed by’ faecal examination of the 
suspected individual If Giardia trophozsites or eysts ae seen 
during the microscopic examination of the stool sample, 
infection is confirmed (Leung et al. 2019). Usually. stool 
feximination gives 50% 10 75% sensitivity because the 
sample is taken once while cysts are excreted at iregulir 
intervals, This sensitivity can be increased by over 90% by 
‘king muluiple samples for 210 3 days (Kucik etal. 2004: 
Leung 2011; Minet eta. 2016), Real-time PCR ean be also 
tused for diagnosing Giardiass as it gives 100% specifi 
and 984 sensitivity (Soares and Tasca 2016: Mero etal 
2017: Paréina etal, 2018). 


‘Treatment 


For treating giardiasis, the primry effort should be to correct 
dehydration and imbalance of electrolytes. Actively 
providing symptomatic weatment against giardiasis helps im 
the alleviation of clinical signs and reducing their duration 
‘which in tum prevents complications from occuring while 
reducing disease transmission at the same time (Leung et al 
2019). European Scientific Counsel Companien Animal 
Parasites reported in 2018 that a 25 mg/kg oral dose of 
Metronidazole twice a day for $ days has been proven 
‘sufficient to teat giardiasis in cats and dogs (ESCCAP 2018), 


Disease in Humans 
Introduction 


Giardiasis sone ofthe most common protozoa infections in 
‘humans. lis causative agent is Giardia (G.) lamblia. Some 
‘common conditions caused by Giardisis include water 
hore diarrhoea, food-borne diarshea, traveler's diarrhea, and 
day care center outbreaks, According to the World Health 
‘Organization giardiasis sone ofthe most neglected diseases 
that are associated with unhygienie conditions and poverty 
{Saviol tal 2006), 


Etiology 


Only two genotypes or assemblages of G. lamblia namely A 
fand Bare generally presumed to be culprits of lardiasis in 
Jhumans (Hallie and Buret 2013). This general assumption 
‘yas proved to he untrue when some recent reports proved the 
role of the E genotype in human giardiasis. These reports 
came from Australia, Brazil. and Egype (Mosin and Saeed 
2016; Fantinati et al. 2016; Zahedh et al. 2017), The 
assemblage C was also found in giardiasis patients in 
Slovakia and China (Liu et al, 2014: Strkoleové eta. 2015) 
‘The assemblage F was reported in human infection in 
Slovakia (Pipikovi etal 2020). The assemblage D was also 


reported in some travellers from Germany after they visited 
the South-castern puts of Asia (Broglia et a. 2013), 


‘Teansmission/ Zoonosis, 


Giardia is usually ransmited to human via facco-oral route 
and direct contact. Zoonotic transmission of disease can aso 
happen but rare cases have been reported so far (Hlavsa etal 
2008). Giardiasis infection begins in humans when eysts are 
ingested from contaminated water bodies o through direct 
fcantact with an infected person, Lack of proper hygiene 
‘management and application of sufficient sanitation 
measures also plays a ital role in transmission, Recently t 
has been observed that the day cares fr children are serving 
as shelters for Giardia populations to flourish aad transmit 
inornew hosts. This transmission happens when the day etre 
nurses tend to handle babies and change their diapers without 
properly maintaining hygiene and handwashing protocols 
{Reses et al. 2018} 


Prevalence 


In developing countries, the prevalence of giardiasis is too 
high that about 33% population of these counties is affected 
hy it. The prevalence of Giariass for dlferent age groups is 
sven in Table 

From the aspect of development status of a country, the 
prevalence of giardiasis is given in Table 2 

Even in well-developed countries, some specific groups of 
people have been identified as al-isk individuals for getting 
Infected with Giardia as given in Table 3. 


Clinical Signs / Symptoms 


{In humans, the incubation perio of Giardia is aboot 2 weeks 
alter that the clinical signs begin to appear. The severity of 
‘plardiasis is highly variable in humans and sub-clinical 
infection is also common. The appearance of signs in 
tllferent sates of infections is given in Table 4 


‘Treatment 


Fintly, restoring the optimal hydration and electrolyte 
balance of the patient 1s important. This minimizes the 
severity and darstion of infection Patients of very young or 
very old age are less tolerant to fuid loss and electrolyte 
imbalance so they require extra care. One way of achieving 
this rehydration besides IV infusions is with oral rey ration 
solutions (Leung et al. 1987; Leung and Robson 1989: 
Issenman and Leung 1993; Chow etal. 2010), 

‘Along with managemental protocols. a regime of drug-hased 
treatment should also be followed to treat giardiasis. This 
regime includes the drugs of choice against Giardia as given 
in Table. 
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‘able 1: Gianiass prevalence acoing to age sroups Zajacskowski etal. 2018) 


Na. ‘Age Group Parca of aia mised 
T Childe 
2 ‘Adulte 
‘Table 2: Giannis prevalence in diferent economic condtinsn (xen eal. 2011) 
i "Tope of Country Prevalence Rate 
T Develope aT 
2 Developing 2-306 


‘Table 3: Risk of contracting gindiass among diferent groups of people (Colfey etal. 2021) 


‘Na Group of people 


Tsk of ting in contact Wah nce 


T People wih guy say 

2 Daycare workers 

3 Professionals deling with human faecal material ike lab 
workers, prostate examiners 


Daring seri activity 
‘While changing diapers and handling childcen 
‘While performing thud 


4 Wiklemesstvellers May come in comtct with acceso animals 
5 tverational avellens May come in contact due to uy seni conditions during wavling 
‘Tabled Signs and sympioms in diferent states of iaiasis 


No- Sueof Disease Signs and Sympions 


Tene 


T Ane 
2 Chaonie ‘Witheut clinical signs 


without any linia signs and symptoms 


Diaitoea, Natsea, Cramps, Voniang, Fagus and Wag Tse 


(Cacti and Tale 5) 
(Mutsen and Levine 2012 
ola). 


Escobedo et a, 


“Table §: Dose sepimen of diffrent deus fo the west of 


pauasis (Pt 2005; Robertson tl. 2010; at and Kaplan 2018) 


‘Na —Drags Generic me Brands Base Das Fiequency Roe 
1 Metronidaaal (apy) TS mpg Wx BO mgTiagy Twice ay fr Sto T0daps Ona 
2 TindazoleTindamis.Fasigyn) SO mp (Max Single dose day Onl 
3 Nitazonande clin, Alla 7S mghks Twice aay for days Oat 


‘Tinidazole has less side effects than other drugs om this ist, 
so ts considered sfe for use in children of age 3 years and 
above (Leung 2011; Biggs etal. 2016). 


Control Methods 


Controlling Giardia is not very easy because its cysts are 
well-built toast in ars environmental conditions, The cysts 
also remain unaffected by disinfecting agents like chlorine 
‘used for cleaning water. However, lodine can be used agains 
cysts but it needs 8 hours to make the water safely 
consumable. Boiling water fr 10 minutes is an easy method 
tweliminate the cysts. Travelers that do not have the facilites 
to boil water may use National Safety Foundation standard 
sted 53 or NSF standard-rated $8 filers to make water safe 
for drinking by reducing cysts in the water (Adeyemo et al 
2019), 


Conclusion 


Giardiass is an important disease of both animals and 
‘humans marked by diarrhea and weight loss. Usually i is 
asymptomatic in adult patients but despite showing 0 
clinical signs the infected person can shed eysts in their 
faces for several months. Such characteristics make it 
dlilficult 10 control the spread of Giardisis, It is more 
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prevalent in developing countries where they have fewer 
Fesoutces to minfain proper sinitation and hygienic 
protocols. The control of giardiasis is very difficult because 
{Cis ransmitted through edibles and develops strong cysts 10 
survive in harsh conditions. Sil, the use of simple Bygienic 
measures like boiling water for 10 minutes before 
consumption can eliminate the protzl cysts 
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Dermatophytosis 
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INTRODUCTION 


‘Dermatophytess isa chronic contagious disease caused by a 
class of pathogenic fungus called dermatophyte (Bitew 
2018) It is also known as ringworm when the lesion takes the 
‘Shape of a circle in which the center ofthe lesion is clear and 
surrounded by the inllammatery reaction. Tinea is an 
alternative name of dermatophytosis based on the afected 
body site, such as Tinea unguium where dermatophytes 
infected nail (Chang et al. 2022), Dermatophytesis is 
‘commonly cutancous in nature and limited to the superficial 
layer of skin, nails and hair of human (Vishnu etal. 2015) due 
to the inability of the fungi to tolerate human body 
temperature (37°C), acidic properties of skin (pH 4.7) and the 
antifungal activity of blood ‘in immunocompetent 
individual (Marinez-Rossi et a 2012; Al-Janabi 2014). 

(Currently, dermatophytosis is a significant disease across the 
‘world with a public heath issue in numerous counties 
‘mainly in third world countries (Nweze and Eke 2016) 
Several factors considered as risk factors for dhe occurrence 
ff the dermatophytosis in developing counties, including 
‘crowding. low socio-economic pesitcn, insufficient health 


services, poor hygiene, and the exchange of footwear. 
clothing and barbershop supplies among people (Moto et al 
2015), Dermatopytsis ean be caused by almest 40 species 
‘of fungus typically inthe genera Microsporum. Trichophyton 
and Epidermophyton. Wt is transmitted diretly through 
‘contact with infected humans orfand animals or indicectly via 
contact with fomites (Degreef 2008: McBain etal. 2016) 
‘The lesion of the dermatophytosis typically. is an itchy. 
erythematous, scaly, cireular plaque on the skin (Mora 
Montes and Lopes-Bezerra 2017). Clinical symptoms of 
dermatophyte infections may be mild to severe based on the 
virulence factors of the species, the immunological status of 
the host, the affected regicn, and the exteral environmental 
factors, These fungal infections are associated with high 
morbidity however, they are rarely related to fatal 
ceansequence (White etal. 2008: Bitew 2018). Eventually, 
most cases of dermatophytosis require about 2-4 weeks to be 
treated and may take many months in cases of 
‘onychomycosis (ail infection) and tinea capitis (Hay 2018). 


Etiology 


Dermitphytes are flmsntus, keratinopii fang 
natal found in si Zhan an Liv 2017). Demtophstes 
species hive the ally to rode tit yer ch 
2 Kertnises,ahesns, lipases, phosphatnes, DNase, and 
Seager protons plying. mn emetial mob in 
iticnent and invasion fo the atm corcum of skin 
Marine Ross ea. 2012) 

In the pont, dermatopstes were divide into tice gemuss, 
aarmelyTichophyton (0), Epidermophston and 
Mieroorim (4, however, wi the new dagnontc tn 
them sew poucn of fs denmatophen wee cave 
namely Nance, Laphophton and Arhraderma (Begins 
SinL MOO) The Tachoplyton and Micreeporam spacer 
neste infstions in umn and animals Allough, the 
nly patiogenic peccn af the fvdermcphyton pooes 
recognized to caine denmatphytons ist. flacinim 
whieh cnly fete hem, The tere "dering 
refer o species ofthe genera Trichophyton. Microspon 
deel Epcot Hye in wl al or aly oF vet 
Known to cane infection, for example I. ferresre 
(Disb 2008) 

‘nthe eer hand the dermatophyes can divide ito thece 
props bse om thir sl niche (Fig. 1). The Fit eroup is 
Sntropepilic which ix transmit from ene. person to 
Snoter By disc conta, Microsporum anger and 
Trichepijtanintnigite. Onan done 
nope species cab ringworm into in snimals 
sch Trchophvton rubrum bas Bee rept 0 ease 
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lg. 1 Chssificaion of dematphytes scoring tothe meepbolopcal characteristics and usual habitat 


infection in dog (Georg 1960: Simpanya 2000). The second 
group is zoophilic which is transmitted from animals to 
thuman or other animals such as Microsporum canis and 
Trichophston mentagrophytes which generally affect dogs 
and cats. The last group is geophilic which as saprophstes 
living onthe keratinous resources in soi, and transmitted 10 
person through contaminated soil i.e, Microsporum 
sypseum (Manian etal. 2003), 


Epidemiology 


Dermatophytosis, as a common superficial skin infection, is 
distributed around the world, with a higher prevalence in 
tropical and subtropical regions hocatse of high temperature 
and humidity Cartarkar et al. 2022). Nevertheless, itis 
‘commonly approved that between 20-25% of people 
‘worldwide are affected by dermatophytosis (Ameen 2010), 
The ascending of recaleitrant dermatophytosis might be 
associated with epidemiological change in pattern of growth 
‘of the pathogens resulting in eohuncing persistence and the 


‘evolution in the dermatophytes genotypes which is 
increasing their virulence as well as pathogenicity, and 
‘drug-resistant species dramatically have appeared due to the 
\widespretd use of inadequate dosages of potent antimycotic 
drugs (Agarwal eta. 2014; Jararkar etal 2022) 

‘Over the past few year's studies concluded that the 
prevalence ‘and spectrum of infection “have increased 
Simultaneously with changing of migration, tourism 
Patterns, socioeconomic conditions, and interaction with 
animals. In addition, rare species haye heen isolated in 
Uliffeent countries (Lakshmanan etal. 2015). For instance, 
‘endemic dermatophytes to Asia and Attica (7. soudanense, 
T. violaceum, M. audouinii) increased in occurrence in 
Noth America and Europe becuuse of the migration 
Furthermore, tinea pedis is most common in Northern 
Europe and Central America, and in contrast M. canis eT: 
serrucosum (zoophilic dermatophtes) are more frequent i 
Europe and Arab countries. Moreover. the frequency of M. 
‘canis infection in Mediterranean counties have increased 
Which causes tinea capitis in infants (Mora-Montes. and 
Lopes-Bezerra 2017). In the developing countries few 
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studies focused on the etilogy of the dermatophstes 
infection as less data about cpidemiological changes is 
available, Subsequently, findings from a specific location of 
‘country cannot regard as a precise refletion ofthe toal 
drmatophiytosis ofthat country. Its challenging to make 
fan accurate assessment of the dermatophytes prevalence in 
‘overall countries of the world (Ameen 2010) 


Predisposing Factors 


‘The ability of dermatophyte species to produce different 
proteolytic eazymes (i.e, keratinases und mycelium) and the 
fcontagiousness of dermatophytosis which can spread 
through direct contact with animals and fomites are the 
Imajor predisposing factors to cause infection (Stollery 
2007), Some extrinsic factors can also relate 10 the high 
incidence of dermatophytosis, such as low sccioeconoms 

sats increases the risk of infection by these fungi 
compared to high socigeconomic situs which is likely 
fasociated with poor hygiene and poor medical care 
‘Superficial infection of human skin is smiled by humid 
‘nd high temperature in tropical and sublropical regions and 
fre cxaggerited by the sweating, wearing of occlusive 
Clothing and footwear. The occurence of infection is related 
to the type of geographical location ic infection is mostly 
developed in rural areas than in urban areas (Coulibaly et al 
2018}, The prevalence of onychomycosis due to T rubrum 
increased by chronic diseases or disorders as reported in 
chronic venous insufficiency and diabetic patients (Da Silva 
tal 2014; Bha etal 2016). The use of antibiotics, stercid 
drugs. and’ advanced age, are also enhancing the skin 
infection, Moreover. there are evidences of a genstic or 
family suscepebiity to dermatophytosis. as some of these 
peoples have autosomal recessive (caspase recruitment 
domain containing protein 9) CARD9 deficiency 
(Lanternier et al, 2013). According to a study. 
dermatophyte have the capacity to infect deep layers of 
skin and other adjacent organs, such as Iymph node. The 
majority of these deeply infection cases has been reported in 
pavents with human immunodeficiency virus syndrome 
(HIV) and patients who are taking: immunosuppressive 
therapy. Eventually, with the same factors all individuals are 
‘not eually predisposed to infection (Da Silva et al. 2014), 


Dermatophytosis 


In humans, dermatophytosis is also referred as tinea or 
ringworm, and is named according tothe sites of the body 
fffected as shown in’ Table, For example, ines mans 
and tinea pedis referred to the hands and feet infections, 
respectively (Wamock 2012). Additionally, infection can 
transmit from one site of the body to another, ic, tines 
capitis (scalp dermatophytosis) can transmit to facial 
region and causes tinea faciel (lacial dermatophytoss) 
(Zhan and Lin 2017) 


‘Transmission 


Derimatopytes are transmit tothe hosts trough penetration 
in the injured. skin, burns, and scars. Desmatophytes are 
shundnt im diferent ecological niches an all thre groups of 
dermatoses can infect humans and preuce drmatophytens 
(Segal and Frenkel 2015). Zoophilic and anthropophilic 
‘groups are generally ransmitted among hosts by conidia or 
Athrospores. It has been reported that some spores can 
survive in salt-water for atleast one year and in suitable 
cenviroaments for upto 1-2 years (Distribution 2005). 

‘The zoophilic group are transferred from animal to people 
by direct contact with subclinically infected or sick animal, 
‘mostly pet animals (dog. cat. In sick animal, the shaft of the 
affected sir is fragile and hair fragments comprising 
tnhrospores are powerful in increasing “dermatophytes 
infection. Futhermore, non-infected pet animals can 
passively transmit arthrospores on their hair. Indirect 
transmission may arise by contaminated toys, brushes, and 
collars. Arthrospores are widely spread by Just particles, 
even in room without entering pet animal (Frymus etal 
2013). Tis type of skin disease is an occupational infection 
‘of Veterinarians, abattoir and tannery workers, farmers, and 
pet owmers particularly the teenagers who care the infected 
fat and dog (Samanta 2015). Animal is commonly” an 
symptomatic carrier of dermatophytes because of the 
Pathogen adaplation to the immune system of the host 
ubsequently: zanphilic species cause severe inflammatory 
reactions. Most species are specific to only one host, lke 7- 
verrucosum to catle, M. canis to cat, or T. evinacei to 
hedgehog (Griseret al. 2018). As a result of improvement 
af hygiene, new lifestyle, and generalization of animals 
‘domestication, itis possible that, these pathogens will shift 
from  zoophilic (F.memagrophyes, Mo canis) «0 
anthropophilic species (7. rubrum, T. tonsuruns, and 
violacewmn). which ae transmitted by unknown methods and 
‘cause mild infection in human (Zhan etl. 2015). 

From human 10 human, the indirect transmission of 
dlermatophytes sich as T.schoenleinit via lost hair strands 
and desquamated skin cells is most common than the diect 
transmission, ‘The transmission maty happen through 
‘contaminated hats, combs, and hasbrushes. The tansmission 
mong family members may occurred horizontally between 
household members or vertically between the generations 
(from mother to grandchild) The vertical transmission of 
infection is mach more common thin the horizontal spread. 
T. schoenleini can survive in homes for numerous 
generations without appropriate cleaning (Samanta 2015). It 
has been shown that shared wet surfaces (patios, balconies 
showers, bathtubs) and shared tools may contribute to the 
transmission of dermatophytes among family member, as 
slermatophytes groups ean persist on a varity of surfaces for 
upto 18 months (lazdarchee tal. 2022), Other sources of 
infection are fitness studios, mats in sports facilites, public 
pools, hotels, and mosques (Flowgan etal. 2011: Yenigchiei 
etal 2012; Watanabe et al, 2017), 
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“Type of tea Sis of nection” Chineal ture Camas ages Raters 
Tinea caps Scalp and hair Well denateated Or Weguar oped and scaling Wien Ttomsurans —(anickova Ta 
(scalp ringworm) shat allectod hairs beak 4 few millimeters fom the slp M.ferrugineum 2000; ule ta 
‘lack dot alopecia is made. Falliular pustules with 7, violaceum 2014: LoviNavarra et 
cexteasve purulent discharge, muialy ‘when aephilc T.soudinense al 2016) 
Species invade ba flices deeply Meanie 
MM adonidt 
‘Tinea faci Glaus ——_—Erythematous, itchy, dise-shape, peripheral sealing T.uirum (Stollery 2007) 
(Facial (hai es skin of lesions with rang he foc inte center T. mentaproples 
fingwomn) the face 
‘incu corpecisGlabous skin of Redness. scaly, erythematous papuosquamnous lesions MF. canis (Haslckova etl. 
(Badly ringworm) the "arms, legs, with oui sping and accentuated marine Terwbram 2009 5 
sad unk T verrucosum — 2013) 
T tonne 
Tinea pedis Foot Intend form (ast popula: peeing. maceration, T:inendigtale  (Degeeet 208) 
(Foot ‘ragworm, esion, fissures chiely inthe space between thd and 7: ubvamt 
‘sles ont) fourth digi E floccoum 
‘Squamous hyperkeratoic fom: dy, ifse sealing, and 
‘nt-nflaramatery Kecatosis of the ete ot sole 
‘Tinea manus Deesum, pal On the palm, these is a fine. pally callaeie-lke Tyubrwme (Stollery 2007) 
(Hand ingworm) intedigial ols scaling, Which highlighs lines ‘of the palm. On the 
ff one or beth dorsum and fingcts the lesion simi to tinea corpars 
ands ‘ith eythesato-squarias lesions 
‘Tinea unguium Tae "and ager Small yellowish discoloction of the al pte 407: tonurans (Degree 2008, 
(Onychomycosis. nals complet crumbly decay of i Tenudram——Halickow ea 
‘al nfetion) T.violceum 2000) 
M.xypneun 
Teanuanense 
E floccosm 
Tinterdgtate 
‘Tinea burbac ‘Beard, mustache Erythema with supercal infansmation, scaling, and T:errucssume (Tost etal. 2015; 


‘and pustules quickly penetrates ito the ha flies deeply, T- mettgroptes 
eyebrows of aul creating sof inttvated, fuunculed aus. The lesion 


Vasheva aod Zisova 


‘an {is cover with lic pustules 

Tinea cruis Inguinal rion, Mehy and enflaned rash in the inguinal area, Kis: rubrum ——_(Stllery 207 
Sub-mammary”frequadly found in young men of wopcal aca. Axillary T:mentagrophvtes Degscet 2008; 
folds in fay infection can be sen as an andlogous tinea form in Efloccom—— Havlckova et 
women ‘woman 2009) 

‘Tinea Incognito Face and ——_—Ethemstas, well demarcated lesions with pstles and M. gypveum (Jacobs tl. 2001; 
Imeuiginous 4 squamous msgin. “Kis modiied case oT. rabrum ——Yuetal 2010; Dla 
eas ematophytesis following the use of systemic or topical etal-2017) 

seride 

Tineanigea Palms, soles and A single brown to black aoo-scaling mucule T.rubeum ——(Degseet 2008) 

chcuhere 


Incubation Period 


Incubation period of disease ranges from one to two weeks 
in human (Distribution 2005). 


Diagnosis 


The rapid and proper diagnosis of etiological agents and 
‘mode of infection is crucial for accurate treatment and 
inhibition of further spread (Reraci-Matchkolaci etal 
2013). Diagnosis is made using the patent history. physical 
inspection, microscopic investigation of skin scrapings and 
Inure from the lesions, fungal culture, Wood's limp 
‘examination, and histpathological inspection of the tissues 
(Distribution 2005: Tosti eta. 2015), 
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Potassium Hydroxide (KOH) 
‘mount preparation) 


microscopy (Wet 


‘The direct visualization of hyaline, septate, and branching 
hyphae under the light microscope is an essential method for 
the diagnosis of dermatophytes. Scrapings of kin should be 
obtained from the active border of the lesion, nal srapings 
are usually taken from the subungual debris, and hairs 
Sample should be pulled from the aflected area without 
breakage. The hairs that are scaly, broken, and glow under a 
Wood!’ lamp are the ideal ones for collection (Distribution 
2008). The small fragments of the specimen are placed on a 
lean microscope slide, a coverslip ts placed and heated t0 
Femove non-fungal materials as heating accelerates the 
‘maceration ofthe skin scale and makes it easier to sce the 
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hyphae among the Keratinocytes. A few drops of 10- 20% 
KOH put to the edge of the coverslip (Ponka and Baddar 
2014). The wet mount preparation is then inspected under a 
‘microscope. Hyphae rounding up into arthreconidia are 
dliagnostic but hyphae alone could be caused by ther fungi 
including contaminants. On the surface ofthe affected hairs 
shal, arthroconidia can be visualized externally (ectthrix) 
or internally (endothrix) (Mohamed Shalaby eta. 2016), 


Fungal Culture 


U Potassium Hydroxide microscopy does not provide 
adequate information, culture is the most reliable test for 
accurate diagnosis of dermatophyte species. Specimens for 
culture involve skin, hair. and nails. During identification of 
symptomatic carriers, other methods such as, hair brushing, 
using adhesive tape for sample collection, er rubbing the 
lesion with a sterile toothbrush or moistened cotton swab 
‘may alsa be effective, Colonies develop in five days to four 
‘weeks based on the pathogens (Distribution 2005), 

Morphology of colony can differ with the medium. 
Sabouraud peptone-ghacose agar (Emmons’ modification) 
famended with cycloheximide and chloramphenicol is 
‘commonly used (Weitzman and Summerbell 1995). Species 
‘of dermatophyte can be distinguished by their colonial 


charucterstics (he appearance of microconidia and 
‘macroconidia) on Sabouraud glucose agar range of growth 
temperature, limited nutritional tests. cycloheximide 


resistance, and biochemical test such as urease production, 
Differential media as bromocresol purple-milk solids 
‘lucose and phytone yeast extract agar ca be helpfl during 
differentiation from negative result (Distribution 2005 
Dowd, 2007: Vermout e al. 2008), Dermatophyte test 
‘medium (DTM) is another isolation medium containing a 
PH indicator-phenol red. Alter incubation at room 
temperature for 5-14 days, the color of the media tums from. 
yellow to bright red when the dermatopiytes utilize proteins 
Tesulting in ammonium ion release and an alkaline 
environment Jartarkar etal. 2022) 


Wood's Lamp Examination (Ultraviolet light, Black 
light) 


Wood's lamp examination may be useful in making the 
diagnosis af some dermatological diserders. In addition it 
thas lately been used as a diagnostic tool for certain skin 
cancers. Robert Willams Wood made Wood's lamp i 1903 
land forthe first ime, it was used in dermatological practice 
for the finding of hair fungal infection (Gupta and Singhi 
2004), Wood's lamp produces an invisible long-wave 
‘ultaviolet radiation ‘which ix named black light tthe 
wavelength of 340-450 nm (Suraprasit et al. 2016), 
Dermatophytes that cause fluorescence mostly belongs 10 
the Microsporum genus, For example, M. audouinii, M. 
canis, M. ferrupineum, aod M. distortum shows blue-green 


light, while, ML gypsewm shows dul-yellow light (Gupta 
and Singhi 2004)" value of Wood's lamp is limited in 
detecting some dermatophytes like T. rubrum, T 
‘metugrophyes, and T. vilaceum in tinea capitis as they are 
non-fluorescent under wood’s lamp. For that reason, the 
lack of fluorescence does not certainly eliminate tinea 
‘capitis as most Trichophyton members, are non-fluorescent 
With the exception of 7. schoenleinit, which shows dll-blue 
light (Surapesit et al. 2016). Some practical caution should 
be kept in mind to avoid misdiagnosis in use of a Wood's 
lamp. The lamp must perfslly he allowed to watt up for 
tahoxt one minute, The examination lab should be totally 
tdark and the inspector should get dark adapted in order to 
se the contrast obviously. The light source should be 10 em 
sway from the lesion. Avoid washing the affected area or 
applying topical medicaments before exposing it for Wood's 
lamp examination as it may produce false negative results 
(Gupta and Singhi 2008), 


Histopathological Examination (Skin and nails 
biopsy) 


Histopathological examination of the fected area is 
occasionally helpful, especially in onychomycosis. 
Microscopically. the species of dermatophyte cannot be 
detected, There is no distinctive histopathologial lesion 
elated to dermatophytes. The microscopical section reveals 
the degenerting and dead mycelium, cellular debris at the 
centre, and hyphae at the peripheral of the lesion. In 7: 
schoenleinit infection, the concave, cup-shaped yellow crust 
(scutulum) is observed on the atrophic epidermis. The 
cideemis may appear unaffected to mildly hyperkeraotic 
‘wth patchy parakerstosis, Spongiosis and microuhsceses i 
the stratum corneum may be seen. A perivascular infiltration 
fof inflammatory cells can be present in the upper dermis, 
‘depending on the infecting species, Branching septate hyphae 
‘a be visualized best in the stratum corneum with a special 
stain such as periodic acid-Sehiff (PAS) with diastase 
Prodigestin, Grocott-methenamine silver and calcofluor 
‘white (CFW) stains (artarkar et al. 2022), Although, they 
may also be seen in Hematoxylin and Eosin stained 
preparations. The diagnostic sensitivity can he increased wi 
biopsy which isnot always possible to conduct especially in 
human patients suffering wit diabetes (Samanta 2015) 


Molecular Biology 


Molecular methods have been established to provide more 
fast and precise altematives to pre-existing diagnostic 
methods due to overlapping phenotypic characterises, 
‘variability, and pleomorphism (Li eta. 2008). According to 
{numberof studies, the rate of dermitophytosis detection is 
increased by 10-19.5% when Polymers Chain Reaction 
(PCR) techniques were used instead of the fungal culture 
approach. However, the result ofthe PCR assays may differ 
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‘Table 2: Summary of systemic antifungals in demmatophytoss 


‘One Health Wed 


a a 
a 
; vee 


‘weeks (Tinea pedis) 
69 moths (Sngemal) and 12- 


18 months Goenal) 
nyhomyeosis 


Hepner fale 


“The dia ren (FEI oral, 1900; De BSE and Van Geel OT Thar and Kaun 208; Salary 2007 New and ABET. 


aan 200), Pus et 2 


fhased_ on the origin of the clinical sample, sample 
‘reparation, selection ofthe target sequence, and laberatoey 
conditions (Gordon et al. 2016). The rapid detection of 
ctiological agents accurately in clinical cases relating to 
ermatophyosis occurred by employing specific primers, 
followed by interpretation of the results based ‘on the 
amplicon size in agarose gel (Verrier and Monod 2016) 
Conventional PCR technique is a simple and low cast 
‘molecular technique for application. Real-time PCR-based 
methods expand the posshiliies of multiple simultaneous 
species recognitions and limit the risk of contamination, 
‘whereas methods employing post-PCR techniques prolong. 
‘the tumaround time and may inerease the contamination risk 
{ensen and Arendup 2012) 


‘Treatment 


Dermatophytosis is treated with different topical and 
systemic antifungal drugs (Gupta and Cooper 2008). Topical 
treatments are indicted "for localized and mild 
ddermatophytes infections while systemic drugs (Table 2) are 
recommended for more extensive (chronie) infections ar 
‘where application of a topical drug is not possible, 
Combination of local and systemic treatments is preferred 10 


4: Faller a. 20U4 Kaul tal 2017; Hay 2018; Sorhala eal. 2019 Janarkar ea 2022), 


obtain a better clinical and mycological therapy. In ation, 
for preventing the appearance of drug resistance different 
‘group of antifungals can be used Jartarkar etal. 2022). For 
the accurate treatment, asymptomatic dermatophytosis such 
as anychomycosis oF tinea pedis should be considered 
specifically, individual with tinea capitis and tinea corporis 
should be closely inspected for possible infections ar as 
‘irrersof an animal source such as those found on pets, i 
fordcr to ensue that the optimal therapeutic measures are 
taken (Zhan et al. 2015). A wide variety of topical 
‘medications are available, in shampoo. lotion, gel, and cream 
formulations. A majority ofthe azents are ofthe “azole and 
‘allslamine’ family. Families ofthese agents are known for 
their high efficacy against the dermatophyte infection. 
‘Topical drugs applied once or twice daily (Gupta and Cooper 
2008). An ideal reatment should havea low cos, rapid onset 
ff fet, low relapse rate, high cure rate, high anti- 
inflammatory action, minimal systemic absorption, minimal 
side effects, and safe to he used in lactation, pregnancy. renal 
and hepati failure Jrtarkar eta. 2022) 


Conclusion 
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Dermatophytosis is a frequent skin disease causes by 
Ieratinolytic fungi called dermatophyte, Causative agents 
responsible for dermatophytosis are generally classified into 
anthropophilic, zoophilic, and geophilic groups from the 
Trickophvton, Epidermophyton, and Microsporum genera 
Recently due to immigration from tropical area, inereased 
international tourism, and interaction with animals 
(panicuarly dog and cat) the frequency of dermatophytosis 
in humans has dramatically inereased during the past 20 
years, Additionally, taking immunosuppressive drugs is a 
predisposing factor that makes people more susceptible to 
‘developing dermatophytosis, The frequency and severity of 
feach dermatophyte infections are variable in a particular 
region hased en the host, pathogens, and environmental 
feonlitions, It is essential to note. that die’ to. the 
ontagiousness of the dermatophyte infection, spreading can 
‘occur ffom person to person, from animal to human, even 
from one atea to another within the same body of an 
infected person. The flaky, annular with central clearing 
Appearance is typical lesion in an immunocompetent 
individual; however the lesions can be deep and extensive 
in immunocompromised person, In general, treatment of 
dermatophiyosis requires long duration to acquire effective 
‘result. Various antifungal drugs ae used inthe treatment of 
{dermatophytosis, However, the most vital factor foe control 
fof the infections is maintenance of appropriate hygienic 
conditions, Almost all varieties of dermatophytosis require 
at least 2-4 weeks to be treated, whereas onychomycosis nd 
tinea capitis eould take upto 6 months, 
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Bovine Trichomoniasis 


INTRODUCTION 


Reproductive diseases are a significant cause of reduced 
productivity in calle breeding systems. Infectious diseases 
‘are usually endemic and result in less efficient reproduction, 
inferility, miscarriage. and reduced productivity. These 
diseases are typically” asymptomatic ar subclinical 
complicating. their identification (Campero et al. 2003), 
‘Trichomoniasis is one of the livestock’s most common 
protozoal diseases, and the most widely known trichomonad 
{in Yeterinary medicine is Trivichomonas (T:) foetus, the 
ctiologic agent of bovine trichomoniss. 

Bovine trichomoniasis is a venereal protozoan disease that 
‘cur in many geographic areas workide, with most cases 
‘curring in intensively managed catle farms (Plorin- 
CCrisensen and Schnitger 2018). This causative agent is 
foetus, a fagellated protaznan that occurs solely in cate 
‘genitalia (Yao 2013). In infected cate, there is vaginitis, 
cendometrits, inferility. miscarnage. and carly embryonic 
death (Martin et al. 2021). Mazzanti frst discovered it in 
1000, andl since thea, much work has been dane on its 
incidence, especially in the United States and Britain 
Emmersan (1922) reported the first case of bovine 
‘richomoniasis in Pa McNutt in the U.S.A. and Walsh and 
‘Mursy reported the disease in lowa in 1930 (Danas and 
‘Teschke 2015). Several protazoun species occur inthe bovine 
‘reproductive system, lke the preputal cavity in bulls. These 
protozoa include 7: foetus, which may be zomnotic, and cause 
‘opportunistic infections in humans (Y¥a0 2012). 

‘The trophozoites of 7, foetus are transmitted among bulls and 
cows during coitus, causing metritis and early embryonic 
‘death in cows, but infected bulls tically are without clinical 
signs (Parhiban etal. 2015), Infected cattle with 


might experience mild “vaginitis or 
“endlomtrits,” or the infection can be as serious a causing 
severe inflammation throughout the whole reproductive tact 
Other complications may include pyometra in pregnant 
cal, inability to be pregnant and decreased calving ratio. 
(Alobuiii et al, 2021). Sexual imercourse is the primary 
transmission mode of 7. foetus from infected to healhy 
animals, most commonly via natural mating (BenDurant 
2008). The bulls get infected while breeding infected cows 
and stay symplomless carriers of the infection (Fig. 1) 
However, the protozoan can subsist in the ray and processed 
semen of breeder hulls and be tansmited via artificial 
insemination (Al) (Exglesome et al. 1995). Also, the 
protozoun endures freezing in liguid nitrogen, where the 
protozoa-contaminated semen is preserved (Yao et al. 2011) 
Hence, arifiial insemination cannot eliminate the disease 
but can reduce the prevalence rate as reports indicate that AL 
substantially reduced the incidence of trichomonosis and 
‘ther venereal infections (Van Bergen et al. 2006). Other 
means of transmission are also possible. For example 
‘Goodger and Skierow (1986) reported that unsanitary estrus 
detection through vaginal examinations led to the transfer of 
T. foetus, carted via contaminated gloves, from infected 10 
non-infected cows. 

‘The transmission of T. foetus by insects, such as fies, was, 
reported by Clarke al (197), asinsets can transmit infection 
among cows. Also. infection is possible through direct cantact 
between a healthy cows vulva and that of an infected cow and 
pussive transmission through a healiny bull's penis. Some 
females maintained infecion up to 9 weeks postpartum 
‘through a normal pregnancy (Skirow etal. 1985). 7: foetus 
decreuses cattle productivity by increasing reproductive 
losses and reducing conception rales. Bovine trichomoniasis 
‘causes a sustained breeding season (Adeyeye et al. 2012) 
‘The protozna were also documented to cause human 
infections in immunccompromised and immanosuppressed 
individuals. including meningoencephalitis and peritonitis 
(Yao 2012), as mentioned in Fig. 

Differential diagnoses of bovine trichomoniasis include 
anaplasmosis, bovine viral diarrhea, brucellosis, 
campylobucteriosis, chlamydiosis, infectious bovine 
hinotracheitis, leptospirosis, and neosporosis 

‘These diseases may cause clinical signs, including infertility, 
‘vaginitis. pyometra, abortions, and vaginal discharge, whih 
should be excluded (Plorin-Christensen and Schntiger 2018) 


Morphology of the Agent 


foetus bas a pyriform or ovoid trophozoite stage about 8 
18 pm long and 4-9 ym wide (ssa 2014). The locomotive 
activity of the tophezoite occurs via several structures, 
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Fig 2: A Trichomonas foes rohit 


like the undulating membrane an four flagella. The Magella 
fare located in the cells apical pole and originate from the 
basal bodies orkinetosomes. Thre similar-ength flagella are 
directed forward, while the fourth flagellum (ibe recurrent 
flagellum) is directed toward the cell's posterior part, is 
associated with the undalating membrane, and. stretches 
‘heyond the undulating membrane's posterior end (enchimol 
2004). Cattle (Bos indicus and B.raurus) are the usual hosts 
ff F foetus. The numberof flagella after examination under 
44 phise contrast microscope or alter staining is an essential 
‘morphological feature that can assist in differentiating 
Jets from other fagellated bovine parasites. 

Nevertheless, nen-7. foetus trichomonads are invariably 
challenging to distinguish from T. foetus, depending on 
‘morphology (Pereira-Neves etal. 2003). Trichomonads are 
highly motile and are about the size of leukocytes. 
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lg. 12 The life yee of bovine T 
focus. 


Trichomonas vaginalis has four ages on the anterior side 
While 7 foenus has three anterior flagella and one recurrent 
‘agellum (Benchimol etal. 2006) (Fig. 2), 


Bovine trchomoniasis isa significant problem worldwide. In 
Irag, I foetus infection was firs reported in cows in Nineveh 
Province, with higher infection rte in >2-+-year-old cows 
and early embryonic death (Alobaidii et al. 2021). The 
protozoan disease is widespread affecting many cattle herds 
in North and South America, parts of Europe, Arica, Asi, 
and Austalia(Guven etal. 201%; Yao 2013; de Oliveira etal. 
2015). Trichomoniass is prevalent in Argentina, reducing 
Pregnancy rates by 15%-25% (Campero et al. 2003). The 
Uithin-herd prevalence rates of trichomoniass in bulls are 
26.4% in South Attica (Pefanis etal. 1988), 30.6-50.0% in 
‘Australia, and $.8-38.5% in Calicenia (Skirow et al. 1985). 
“Many studies have reported infected bulls with 7 foetus in 
the United States of America (Sronyi etal. 2012), Argentina 
(Mardones eta. 2008) Spain (Mendora-Ibarra etal, 2012) 
Austria (MeCoal et al, 1988), the Republic of Transkei 
(Pefanis et al. 1988), Colombia (Grilliths et al. 1984), 
‘Tanzania (Swal et al. 2008), Nigeria (Bawa et al. 1991), 
(Canada (Waldner etal. 2013), and Argentina (Molina et al 
2013). Australian surveys have shown infection rates of about 
ik.4%. About 10.7% of cows were infected with T. facts in & 
sizeable Californian dairy farm (Goodger and Sktrow 1986) 
[Northern Spain was considered « hotspot of infection since 
natural breeding is stil implemented (Mendoza-Iharra et al 
2012). Compared to other livestock diseases, The rate of T. 
Joes infection is expected to below in the United States 
Hence. control of the disease is not unified at the federal 
level leading tothe enactment of diferent regulations among 
states (Martin et al. 2021), Twenty-six states had 
trichomoniasis controlfmanagement program regulations 

place to curl the spread ofthis disease as of 1 April 2014 
(Yao 2015). The herd size and bull:cow ratio ate vital for 
infection prevalence (Mardones et al. 2008). Factors 
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associated with a igh bovine trichomoniass rate in a herd 
include the herd size. So. the infection hazard is higher in 
lange hends that share grazing, have a significant number of 
bulls with a high ratio of 4 years or older bulls, and igh 
tio of bulls to cows (Szonyi et al. 2012) 


Pathogenesis and Pathology 


‘The underlying factors affecting the los of the embryo or 
fets are not accurately identified. However, some of these 
mechanisms inelude the adverse effects of enzymes released 
by the protozoan, the effect of antiparasitic inflammatory 
reactions inthe uterus, andthe parasites direct mechanical 
activity (Campero and Cobo 2006). Cyto-adherence and 
fytotoxicity are thought to be the principal mechanisms 
(Petropolis etal. 2008). 

The concentration of T. foetus in the cervicovaginal mucus 
changes during the estrus cycle, and the highest concentration 
is observed a few days price to the estrus phase (Schuster and 
Schaub 2001). The uterus was believed to be the primary 
infection ste, but several studies of naturally infected cows 
indicate tht the os cervin is the preferred site. Placentits and 
‘uniform pattern of placental and fetal lesions are aso seen. 
‘The fasional tage of abortion is associated wih variation in 
the pathogenicity of 7. foetus strains. The infective threshold 
‘number of organisms of the host's immune condition is 
‘unknown and should be further studied. Bovine 
‘richomoniasis causes abortion, wally during carly 
gestation (BonDurant 2005). A scant purulent preputial 
discharge may be observed within the frst two weeks of 
infection. Older bulls seem to become permanent T. foetus 
carriers, possibly due to the growth of epithelial rypts in the 
‘reputial cavity (Walker et al. 2003). It is rare for abortions 
due to T: foetus to occur afer six months of gestation. The 
cow of heifer usually recovers spontaneously when the 
placenta and fetal and placental membranes are climinated 
following abortion. However, chronic catarshal or purulent 
cendometritis, which may cause permanent sterility, may 
‘occur if a part of the placenta or membrane remains 
‘Sometimes, the abortion fils to occur follwing fetal death, 
and maceration results in the uterus (Seblafer and Foster 
2016). There isa lack of research on how T: foetus affects the 
‘anceps and causes abortion, However, there is a posible 
role of tumor necrosis factor (TNF) in malaria-induced 
abortion, and Iymphokine-mediated cytotoxicity is peshaps 
essential in bovine trichomoniass (Yule etal. 1989), 
Microscopic lesions in aborted fetuses consist of 
Pyogranulomatous bronchopneumonia and necrotizing 
cateritis with trichomonads invading the tissues. Specifically. 
pulmonary air passages contain many cutrophils 
‘macrophages, multinacleated giant cells, meconium, and 
twichomonads located extracellularly and phagocyized. 
‘Small focal collections of lymphocytes and plasma cells are 
‘observed in the interstitium, Muliple trichomonads are 
‘ispersed in the aborted fetuses’ intrlobular septal 
connective tissue and aggregated in the fetuses interlobular 


septal and subpleural vessels. Additionally, fetuses may have 
Pronounced focal hemorrhage in interlobular septa and 
airways of some pulmonary lobules. Mild focal epithelial 
{degeneration to dilfuse necrsis and loss of epithelium might 
‘cur in the gastroenteric tt. Fetuses may have marked 
‘mucosal submucosal, and subserosal hemorthage. Also, the 
forestomach, abomasum, and small and large intestines may 
‘contain thrombotic lesions. Multiple large intraepithelial 
‘esiles comprising fibrin strands and erythrocytes occur in 
the mucosa ofthe ramen and omastm overlying hemcerhagic 
foci (Sehlater and Foster 2016), 


Titrichomonas foetus in Bulls 


Infection with 7: foetus is limited to the reproductive system 
and, in bulls, the prepuil cavity and urethral erifice (Michi 
et al 2016). Bulls are the natural carers of the parasite 
(Higgins 2006). Young bulls are either more tolerant to 7 
{foetus or can eliminate the infection more efficiently. Bulls 
2 years old are refractory to infection (Michi et al. 2016), 
‘The parasite survives in fresh, pure, or diluted semen that has 
been refrigerated and can’ resist cryopreservation, and 
transmission through AL with contaminated semen is 
probable (BonDurant 2008), Feces are commonly found in 
the preputial cavity of bulls since they tend to mount each 
tater. The feces may comprise trichomonad species other 
than 7: foenus, such as Pentatrichomanas hominns and 
nonpathogenic species of Tetratrichomonas (Campero et al 
2003). The possiblity of 7: foenus contagion between males 
is considered very low. 
Chronically infected bulls are considered asymptomatic 
‘carriers for years since the clinical signs of the disease are nol 
apparent, but bulls infected with the acute form have lesions 
tnd discharge in the genital organs for a short time 
(Gonzilez-Carmena et al. 2012). Unlike female atl 
histopathological changes in bulls are absent, and unlike 
female cattle, bulls donot self-cure without prior vaceination 
(Higgins 2006). Previous studies have been unable to detect 
lesions asociated with 7 foetus infection. Tests such asthe 
‘mucus agglutination test and the ELISA test have limited use 
in disgnosing the parasite since they are not adequately 
sensitive and specific, and infected bulls do not develop 
‘enough immune responses for serological diagnoses (Voyich 
etal. 2001), 
Rhyan etal. (1999) detected 7: foetus inthe superficial layers 
‘ofthe penile and preputial epithelium in histological sections 
of the reproductive tracts of bulls infected with foetus 
However, they fale to detect the purasite's invasion ofthese 
structures’ hasement membrane or dermis. The absence ofthe 
parasite’ invasion ofthese tissues may explain the limited 
immunologic reaction in T.fostusinfected bulls 
Significantly higher amounts of specific antibodies in the 
Preputial secretions of infected bulls thar non-infected bulls 
resulted from local antigen uptake, processing, and antibody 
deposition. The absence of pathologic changes and the 
Immune response’s inability 10 eliminate the parasite from 
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the preputial cavity ld to chronic infection, particulary in 
‘older bull 

Several studies have tried to determine the correlation 
between the age of bulls and infection risk and concluded that 
as the bull ages, the chance of 7 foetus infection inereases 
(ae etal, 2004). Investigators of 7. foetus have likewise 
argued tha the growth of crypts in old bulls isa cause of age- 
‘elated yulnerabilty to 7: foenus (BonDurant and Honigberg 
1994), Several studies have proposed dlflerent susceptibility 
levels of eatle breeds to T: foetus infection (Rae et al. 2004) 


Titrichomonas foetus in Cows 


Cows are more susceptible tT: foetus infection as only 103 
twichomonads are required to establish infection in female 
bulls (Higgins 2006). It as shown that an infected ball could 
infect previously uninfected susceptible nulliparous cows by 
‘single service with 395% infection rate Transmission from 
infected cowsfhelers to bulls appears less efficient (Yao 
2015). The late gestation abortion by trchomonads supports 
the observed occurrence of “carrier cows.” The cows can 
deliver normal calves and maintain infection throughout 
Pregnancy and six to nine weeks postnatal, becoming an 
infection source for bulls (Yule et al. 1989) 

Infection ean be self-limiting in cows, and the parasites can 
the cleared from the reprodhictive tract afer about thrce 
‘momtis (Yule et al. 1989), Most gestaions are lost 
approximately 2.5 weeks postconception when maternal 
recognition has taken place, but embryonic death might 
‘happen at anytime until ive months of gestation (BonDurant 
1985). However. later in gestation, embryonic or fetal loss 
results in abnormally long’ inteservice intervals (2-5 
‘months). Fetal deaths at approximately SO 10 70 days post- 
crits have been reported, and deaths as late as eight months 
gestation may occur (BonDurant 1985). After a variable 
peried of infertility after the initial exposure, cows regain 
thie fertility, even though infected hulls breed them. This 
suggests that infected cows develop an immune response to 
the parasite that reduces thir susceptibility to subsequent 
infection for some time, possibly as long a six months, the 
fetal membranes are retained, and a chronic catarthal of 
purulent eodemetitis usually results (Anderson etal. 1994). 
‘After the parasite has initially multiplied in the vagina, i 
‘remains inthe uterus, and the cells" number in the vagina may 
change during the estrous eyele. This fluctuation may be 
influenced by the eyele type, regular or prolonged (Mancebo 
tal 1995). Chronically infected cows with Trtrichomionas 
enue were carriers of the infection for as long as ten months 
(Mancebo et al. 1995). Also, chronic infections. were 
‘observed throughout normal pregnancies, withthe ability 10 
isolate 7 foetus for 35 ong as nine weeks, 


Due to the insidious nature of 7: foetus infection, the parasite 
fccurrence on cattle farms often goes undetected until 
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substantial loss has already occurred, Infection in females 
tlien goes undetected du to early abortion resuling in re- 
‘exposure of females to males, inereased calving toconception 
intervals (BonDurant 2005), and smaller. less developed 
calves due to the shortened weaning season. The most 
‘common practice for detecting infection within a herd isthe 
‘demonstration of alive T foetus by culture scrapings fom 
the peeputialsmegua in sexually reste bulls (Higgins 2006). 


1, Causative agent identification 


‘The tentative diagnosis of trichomoniass a a reason for 
reproductive failure ona farm depends on the clinical history, 
signs of early miscarriage, and recurrent or iregular estos 
cles. However. the infection is confirmed by the 
‘munifestation of 7 foerusin placental uid, an aborted ftus's 
stomach contents, vaginal mucus, endometial washings 
inflammatory discharge due to pyometra. or preputial 
smegma. The most dependable sample to diagnose infected 
hers is the washings or serapings of the prepuce or vagina 
(Comey 2013). The most common diagnostic method isthe 
‘visualization of motile richomonads in sae peeparation 
of the vaginal uid, which must be done after 10 10 20 
‘minutes of sample collection, Otherwise, the trchomonads 
will die The parasites are 10-20 um long and 5-15 ym wide, 
near the size ofa leukocyte, and may mave actively or be 
observed beating their flagella without the organism's 
‘movement (Sehwebke and Burgess 2004). 


2. T.foetus identification by direct examination or 
in cutture 


Many techniques are used to diagnose 7 foetur with diferent 
levels of specificity and sensitivity. An example is the 
sletecton of 7 foetus in Giss-tunea vaginal sears under 
the microscope However, this method cannot detect 
infections with low parasite numbers, Another way sto grow 
the parasite in different culture media (Parker etal. 2001), 
such as Diamonds or Claussen's media, allowing the 
protozoa to grow in vitro until a sufficient number of 
Parasites facilitates detection by light microscopy (Anderson 
tal. 1994), One drawback ofthis method is that it takes two 
to seven days and does not differentiate diferent 
Tritichomonas species (Ginter Summarell et al. 2018). 
SSmegmia samples taken either by preputial lavage or sraping 
como be mst satistactory for diagnosing infected bulls and 
yielding comparable numbers of organisms (Michi etal 
2016) eis preferable to rest bulls sexually for atleast seven 
‘days before collecting samples 1 increase the concentration 
‘of organisms in the prepatisl cavity. 7 foetus trophozoites ace 
microscopically stinguished by their jerky. rolling 
movement, three anterior flagella, and an undulating 
membrane (Anderson et al. 1994), Proper diagnosis of 7 
foetus rls on correct collection and handling of samples, 
‘suitable growth media and condition, and proper organism 
identification by microscopic examination 
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lg. 3 Au integrated approach for conolling and eraicating 7 foetus iaeesions. The incteasing thickness ofthe ows indicates the 


Increasing impnance of each specu, 


In samples where the concentration of organisms is 
sufficiently high, it is possible to further characterize the 
frganisms by phase contrast microscopy (Skirrow and 
BoDurant 1990) or staining methods (Lun and Gajadhar 
1990) to help visualize vital diagnostic features of T. foetus. 


3, Polymerase Chain Reaction (PCR) 


‘An alternative test that can detect 7: foenar infection is the 
polymerase chain reaction (PCR) diagnostic assay. which is 
‘of particular value the numberof organisms inthe culture 
‘remains ow (Ginter Summarell eral. 2018). The PCR widely 
detects T foetus DNA using primers such as TF, TF2, TF3, 
fand TRS. This technique was about 90% sensitive, using 
TERS and TFRG primers for 7. foetus detection (Mukbuthi ct 
al, 2003; Alobuidié et al. 2021). PCR has provided vital 
improvements over the culture techniques, such as enabling 
the detection of pseudocysts (non-motile forms) (Peres 
Neves et al. 2011), short duration. and high specificity 
However, PCR techniques stil encounter many challenges 
(Ginter Summarll etal. 2018). To minimize false positive 
results the authors ulized a complementary DNA enzyme 
‘immunoassay 10 efficiently discriminate between false 
‘negative amplification products and T: foetus DNA (Higgins 
2006), 


4. Serological Tests 


‘Serological tests like mucus agglutination and ELISA can be 
applied to diagnose 7; foetus. However, these methods have 
limited use since they are not highly sensitive or specific, and 
bulls do aot develop adequate immune reactions for 
serological diagnoses (Voyich etal. 201), 


Control and Prevention 


Strategies for preventing and controlling bovine 
trichomoniasis depend upon the distinctive epidemiologic 
characteristics of bovine trichomonosis, In this sextally 
transmited infection, bulls are asympiomati carriers and are 
‘permanent source of infection, while infections are usually 
temporary in cows and heifers (Florin-Christensen and 
Schnitiger 2018), 

Bovine trichomoniasis is best controlled by proper 
‘management (Fig. 3), All bull in the herd and subsequent 
replacements shouldbe tested fr trchomonads at least three 
weekly intervals before being used for breeding. Infected 
hulls should be removed from the herd and replaced with 
young (S 2 years) virgin bulls (Fort et al. 2016). 
AAllematively, Al can control the transmission of 7 foetus 
effectively, but complete change from natural services to AL 
‘may not be practical the cow herd was exposed to T. foetus, 
‘cows should be examined, and all those with recent 
Pregnancy loss oF pyometra should be culled. A cow herd 
‘exposed to trichomoniasis can be divided into two groups: 
pregnant cows should be observed for abortion, and 
Thonpregnant cows shouldbe rested sexually fora least four 
‘months to eliminate the T. foetus organisms immunologically 
fom their urogenital tracts (BonDurant and Honigherg 
1904), After successful calving, cows in the infected group 
also should be given sexual rest for a 90-day postpartum 
interval, of no less than two normal estrous periods ater the 
breeding season begins, before being moe into a herd with 
uninfected catle(Mancebo etal. 1995). Trichomoniasis can 
be prevented by testing all ations to an established herd. 
Because testing procedures fr individual cows are not well 
‘established, additions to established herds should be limited 
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to animals from familiar herds or virgins. If that is mot 
possible, all other female additions should be tested by 
faulture on multiple samples before entering the herd, One 
‘commercial "hacterin-type" vaccine und several experimental 
antigen vaccines (Skirrow and BonDurant 1990) have been 
shown to induce an immunity 7: foorus in female catle 
‘vaccinated belore breeding, 


Conclusion 


Bovine trichomoniasis is asexually transmitted host-specific 
tlsease of cattle that continues to pose a severe ecamomic loss 
fon cattle production due to infertility and abortion, The 
diseases asymptomatic ature, particulary inthe bull, makes 
diagnosis complex and challenging. The infection ean be 
diagnosed by direct smear examination, culturing. and 
‘molecular of serological techniques, ‘The control and 
cradication of 7: foents can only be done by culling positive 
bulls upon testing. 
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Babesiosis in Cattle 


INTRODUCTION 


Cate is an important dairy and meat producing animal 
playing an important role inthe economy {Saunsoucy 1995: 
Suarez and Nob 2011; Suarez et al. 2018). Babesia is a 
protozoan parasite belonging to the genus pisoplasmida, 
‘auser a deadly disease in livestock and farm snimals and is 
transmitted by the leks, Because the illness has dirt 
economic effects like decreased mill output, loss of body 
‘weight, and animal death, it poses majer issues for both 
animal life and farm economies (Menshawy 2020). It also 
exerts secondary costs associated with treatment and 
prevention (Guswanto etal. 2017). The several regions of 
‘Africa, Australia, America, and Asia, particularly India, have 
‘great impact on the eatle industry (Bock etal. 2004; Bal et 
Al 2016; Hashem et al. 2018). It affects and spreads in 
‘wopical aswell a subtropical countries (Beugnet and Moreau 
2015 Roze-Bielicka et al. 2015). It causes lack of appetite 
fever. anemia ceasing amination, and increases in heart and 
respiratory rates. In later stages, itt may lead 10 
hemoglobinuria, a yellowish mucous membrane, and the 
death of animal (Wagner et al. 2002: Zintl et al. 2003: 
Demeke et al. 2018; Mezouaghi tal. 2019). According to 
(Silva et al. 2010), the Ixodidae tick can transmit the 
‘habesiosis infection to several animal species. Babesia (B.) 
bovis and B, bigemina are the two most impestant babesia 
species in cattle Zint eta. 2013). B,divergens,isone ofthe 
‘main babesia species that causes bovine babesioss, and 
‘ised concerns among international heals authorities (OIE). 
Rhipicephalus and odes ick species can transmit babesisis 
tocatle depending on the disease’ type bar eta. 2015) 
1B, bovis and B. bigemina can be transmitted by number of 
vectors including Rhipicephalus (R.) microplus,  R. 
anulatus, and R. geigyi, whereas R. decoloratus and R. 
‘evertsi can only be transmited by B. bigemina. Ixodes (1) 
ricinus typically transmits B. divergens (Bock etal. 2004; 
Gohil et al 2013), 


Etiology and Morphology 


abesioss is also known by the various olher names i. 
Piroplasmosis, Texas fever, and Red water fever 
(Sabinduran, 2012). The genus Bakesia includes the two 
main species which are & bovis and B. bigemina Belonging 
tothe phylum Apicomplexa and class Sparazeusida (Allsopp 
et al. 1994; Radostts et al. 2006). Furthermore, the 
taxonomical clasification of Babesia species was sed on 
the phylogenetic analysis of 18s FRNA (Criado-Fornelio et 
al. 2003). Babesiosis in bovine is caused by several species 
ofbabesia ie. B. bovis B. bigemina, and B.dvergens are the 
three most prevalent pathogenic species (Kaanderp 2004: 
Radostits etal. 2007; Fakhar etal. 2012). B. bovis infection 
‘ean result in more serious illness than B. bigemina (Gubbels. 
tal. 1999), The parasite B. bovis is located in the core ofthe 
RBCs. ts dimensions are 1.1-1$ x 0-10 m. While 2. 
‘higemina is longer than cer species and can be seen in pis 
Iehasa peatlike form. It is [1.5 m wide and 3-35 m long 
(Soulsby 1986; Et Sawalhy 1999). According to (lerram and 
Willshie 2019) and (Alvarez etal 2019), B. divergenis has 
2 small, thin, and obtuse angle (Fig 1). Moreover, 8. major, 
2B ovata, B.oceultaus, and B. jakimovi can also infect the 
‘ale (Menshay 2020) 


Life Cycle of Bovine Babesiosis 


All species belonging tothe genus Babesia have shown sume 
life eyele stages with minor differences. Some species 
showed transovarial transmission (Babesia spp sensu stricto) 
while ober may be transmitted through transstadal route 
‘microti (Saad eal. 2015). Their life eycle can be completed 
im three main stages: 

* Gamtogony: fusion and formation of gametes occur in 
the gut ofthe ticks. 

*Sporogony: Is asexual reproduction taking place in the 
salivary gland of tick 

= Merogony: Itake place in the vertebrates (Fig. 2) (Otify 
2011; Abela and Jilo 2046). Binary fission isthe way of 
Imultiplication inside the red hlood cells, and causing 
‘considerable pleomorphism followed by the gametocyte 
formation, The conjugation of gametocyte take place in the 
lick gut followed by the multiplication and migration to the 
different tissues such as salivary glands. Furthermore, the 
‘continuous development oecurs in the salivary glands. The 
transovarial transmission may happen at this stage (Gray et 
al. 2010). The host wil be infected when the larvae sucks the 
blood, The larvae transform in to the nymph after molting 
which is then converted in to adull. Host may get the 
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Fig. 2: Babesia Species lifecycle Gallgo-Lope2 etal. 2019) 


infection, when vector takes a blood meal (Uilenbers 2006: 
‘Simuunza 2009; Lefevre etal 2010; Mandal 2012; Schnitger 
etal. 2012; Ozubek tal. 2020). 


Host Range 


(Out of hundred types of Babesia spp. only eighteen species 
‘an cause infection in domestic animals (Suarez and Noh 
2011). Babesiosis mainly aces cattle, goats, sheep, horses, 
dogs, cats and human (Hlmsho eal, 2015: Gray etal 2019), 


2, bovis and B. bigemina have recently been detected in deer 
‘The primary host foe Babesia spp is catle while all other 
animale are considered of litle epidemiological distribution 
(CPSPH, 2008), 


Geographic Distribution 
Babesiosis in cattle i present across the world due 0 


presence of vector, However, topical and subtropical 
locations. frequently experience it (CFSPH, 2008). The 
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highest prevalence of bubesioss is found in arcas where ticks 
vector is present excessively. They are especialy important 
in Australia, Africa, Asia, and the United States. Even while 
2B. bovis typically inhabits the same habitats as B. bigemina, 
‘only a small number of other tick spocies have the ability t0 
‘wansmit bth species. Additionally, the regional distribution 
fof these ticks varies withthe area For instance, the 1 tick 
species can serve as biological vetor  igemin is widely 
lstrbuted in Affica(Spickler etal. 2010: Pohl 2013). 


Risk Factors 
Host Factors 


Host factors which mainly affect the presence of disease 
include reed, age and immune status of the animals Usbbar 
ctal-2015), 

Regarding the age ofthe host, the infection rate among 
‘young animals is low due to innate resistance, which is 
Boosted by maternal antibodies passed on to calves via 
colostrum. This resistance gradually deteriorates, leaving the 
animal vulnerable to disease (Fadly 2012) 

> Regarding breed, Bos taurus is more susceptible to 
fubesia infection than Bos indicus (Radostts et a, 2007) 
Besides that, native breeds have higher resistance 10 
bubesioss than foreign breeds, Because tick popalations have 
‘heen exposed to nature for along time, they have developed 
cither an innate ability or an innate resistance to progress a 
{good immune system tothe tick (Wodaje etal. 2019), 

> In endemic areas, young animals can acquire passive 
‘immunity from dams via colostrum and often sulfer the 
transient infections with mild symptoms, This infection is 
enough to activate active immunity and make the host a 
Carrier for along time. Active immunity isin charge of the 
Carrier's persistence and premunity. These animals can be 
infected naturally or through chemotherapy and sill haye a 
strong immune system (Taylor et al. 2007). According to 
susceptibility to bovis infection, Bos taurus were classified 
into three phenotypes: 1- susceptile animals which may 
‘experince clinical signs leading to death, 2- animals having 
‘mild clinical signs, and 3- animals that are resistant and 
‘having few clinical signs (Benavides and Sacco 2007) 


Pathogen Factor 


Pathogenicity varies greatly depending onthe strain. Because 
fof the wide varity of strains, B. hovie is typically more 
Wirulent than Bi. bigemina and B. divergens (CESPH 2008) 
‘Through rapid antigenic variation, various blood parasites 
can keep the host immune system alive (Bock et al. 2004). 


Environmental Factors 


The prevalence of clinical babesioss can be varied according 
to seasonal variation, which also influenced by the peak of 
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lick population. The largest prevalence cccurring directly ater 
the summit ofthe population ofthe tick. Regarding weather 
‘onions temperature isthe most rucil factor affecting on 
the activity of the tick, Increase in temperature can cause the 
imerease ofthe disease happenings (Menshawy etal. 2018) 

le infection reaches the top in the summer season (EL 
Moghazy et al. 2014: E-Bay etal. 2018). Main economic 
losses happen in those places where marginal occurrence of 
disease is present because the population of the ick is mostly 
‘variable according tothe conditions of environment (Radostits 
tal. 2007; Demessie and Derso 2015) 


‘Transmission 


Babesia species are biologically transmitted by vectors via 
transovarian transmission (frst generation) and wanssadial 
transmission (Gansmission of infection ffom egg until the 
adult) (Demessic and Derso 2015: Enbiyale et al. 2018) 
BBabesiosis can be transmitted to catle by a biological tick 
vector (Boophilus spp.) Boophilus ticks can tansmut both B 
bigemina and 8. bovis, with nymphs and adults tansmiting 
‘B- bigeming but only tick larvae tansmiting B. bouts 
(Esmaeil etal. 2015). It is also mechanically transmitted by 
infected needles and syringes, blood transfusion, and surgical 
instruments (Menshawy 2020). R. micropuls (loemerly 
Boophilus micropuls) and R. annulatus are tick vectors of 
Digemina (formerly Boophilus annulams). Competent 
veetors include R decoloratus, R. geigy, and Reversi. R 
Imicroplus and R annulats ae ick vectors of B. bovis, nd 
A geigyi can also act as its competent vector (Bock etal 
200M; De Vos and Potgicer 2004; Yadhay et al. 2015). 
‘Transplacental transmission of abesia species in ate has 
also been demonstrated (De Vos and Potgicter 2004: Spickler 
and Anna Rovid 2016). 

‘The Hahesia species can develops and distribute throughout 
the organs ofthe ticks, infecting the salivary glands a eggs. 
When infected tick bites aeatle, it wansferred the infection 
to the final host (Government and State agencies bord 2013). 


Pathogenesis 


‘There are two principal mechanisms of producing acute 
disease by buabesia which are hemolysis and circulatory 
tlisturbance (Carlton and McGavin 1995), Sporozoites enter 
the host dirctly after tick bite and infect the erythrocytes. 
Within the body of the host, sporozoites will then progress 
into piroplasm inside the infected RECs. This wall produce 2 
fr 4 daughter cells and they will then leave the host cell 
infect other RBCs (Hunfeld et al. 2008). They will invade 
ther erythrocytes and cin cause intravascular and 
cextrnascular hemolysis (Carton and McGavin 1995), The 
rapid division of the parasite in the cells ean cause rapid 
destruction and thea haemoglobinaemia, bemoglobinuria, 
and fever. This can be very acute and ease death in a few 
‘days, During this process, the PCV fast less than 20% snd 
this will cause anemia. Clinical signs can be detected daring 
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Babasoss in Caille 


the stage of parasitemia. At tis stage, up to 45% ofthe red 
cells are infected according to Babesia species (Urquhart et 
al, 1996), Hemolysis also invades the release of many 
‘harmacologically active agents (ex: protelytic enzyme), 
‘which aflect microcirculation (vasodilation, increased 
permeability) leading to hypotension and edema, and affect, 
‘ood (viscosity, coagulation and adherence) leading to 
‘ischemia (congestion and degeneration change in issue/organ) 
{Alumed 2002). The main consequence of he disease is anemia 
due to hemolysis. The secondary mechanism is electrolyte 
imbalance. Liver and kidney degeneration are caused by lack 
‘of oxygen and perhaps by immune pathologic reaction. The 
kidney tubule epithslium damage wall lead to impair ion 
exchange, which will esut in hydsogen ion retention and 
cause acidosis (Enbiyale et al, 2018), 


Clinical Signs 


Incubation period ranges between eight and fiften days in 
‘tural infection, Before the onset of other clinical signs fever 
(240°C) usually appears (OIE 2010). The clinical signs are 
different according to the age and species of the animals, 
parasite strain, immunological status, concurrent infection 
‘with other pathogens, and genetic factors in the dase of the 
inoculated parusites. Most cases have been detected in 
animals ess thin 9 moms of age usually staying 
asymptomatic (Anon 2008). 

BBubesiosis clinical signs include emaciation, ataxia, loss of 
appetite, stop rumination, loss of body weight, progressive 
hhemolstic anemia, jaundice (lterus), yellowish color of 
conjunctival as well as vaginal mucous membranes in more 
advanced cates: hemoglobinuria, problems inthe heart and 
respiratory rates. anda decreas in milk yield In some cases 
fever during an infection causes abortion in cate, Patents 
experience general circulatory shock and, in some cases, 
‘nervous symptoms due to the sequestration of the infected 
RBCs in cerebral capillaries (Zintl et al 2008; Khan etal 
204 Akane etal. 2010: Chaudhry etal. 3010; Rashid et al 
2010: Terkavi eal. 2011; Onoja et al. 2013: El Moghazy et 
Al, 2014; Bat etal. 2015; Mash tal. 2021) 

Dark re urine is one ofthe clinical signs of babesia (Yadav 
tal. 2004). The main clinical signs of B bigemina are fever. 
Ihemoglobinuria, and anemia (Zit! et al. 2013), 


Diagnosis 
Detection of active cases of babesioss is based mainly on 
several diagnostic techniques as 

follow: 

Microscopic Examination 

The conventional model of babesioss examination isa direct 


cextmination under a microscope Iti used to idently the 
‘agent inthe infected host. This s accomplished by examining 


‘hick and thin films and then staining them with Giemsa or 
Romanowsky stan, Thick films ean detet parsites at few 
1s one parasite out of 106 RBCs (Kahn 2005). Mieroseopic 
‘examination i stil the most cost-effective and time-cficent 
technique for identifying Babesia parasites (Hamoda et al 
2014). Giemsa-stained thin blood smears are the traditional 
and gold standard for identification (Nayel tal. 2012) and 
serve as an ideal method for species differentiation. It is 
tudequate for detecting acute infections but has lower effects 
in cases of low parasitemia in earriers (Criado-Fornelio etal 
204: Bal et al. 2016: Shang etal. 2016; Masih etal. 2021). 


Serological Examinations 


“To detect antibodies in subclinical caser and avoid the 
drawbacks of microscopic examination, the Indirect 
Fluorescent Antibody Test (IFAT) and. Enzyme-Linked 
Immunosorbent Assay (ELISA) are used (El-Fayomy et al 
2013), These tests have low sensitivity and frequently fil to 
distinguish between chronic and acute infections (Mahmoud 
et al. 2016). These tests produce false-positive and false 
negative results due to eross-reactive antibodies (Esmacil et 
al 2015). Another point to conser is that antibodies persist 
‘even months after infection, smplying that no active infection 
‘exists. As a resull, these wil be unable to reveal the precise 
prevalence ata given time (Abdel Aziz etal 2014). The most 
‘common test for detecting antibodies in babesia species is 
IFAT (Chaudhry et al. 2010). Anonymous (2008) described 
‘complement fixation (CF) test for detecting antibdis o 2. 
Irovis and B.bigemina, 


Molecular Diagnosis 


“Molecular diagnosis is used to identify nucleic acids whic is 
‘considered as an indirect identification. However, both 
sensitivity and specificity are very high (Mosqueda etal 
2012). The most sensitive and specific technique for the 
{etection of babesiosis is (PCR) Polymerase chain reaction 
(Vannier and Krause 2009; About ila etal. 2010) and useful 
for the detection of infection in the early stage. It has been 
reported that the PCR technique is much more sensitive than 
microscopy for the identification of babesiosis, It is an 
important fest foe confirmation in some case for regulatory 
testing (Shams et al. 2013; Sharma et al. 2016: Bal et al 
2016), 


Differential Diagnosis 


Like many other infectious diseases, babesioss also causes 
fever and anemia. Anaplasmosis, thelerioss, 
trypanosomiasis, leptospirosis, rapeseed “poisoning, and 
‘chronic copper poisoning ean be counted a a differential 
‘agnosis of babesisis. Rabies and other encephalitis can 
also be considered in cattle with CNS signs (Spickler and 
‘Anna Rovid 2016). 
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‘Treatment 


The successful treatment of habesiois is dependent onthe 
se of effective drugs and early detection (Vial and Gereallt 
2006). Trypan blue. which was first used against. igeming 
but hus no effect on B. bovis, was ome of the most effective 
drugs used to treat bovine bubesisis, I israrely used because 
it-dscolors the flesh of animals. In the topics, diminszene 
fceturate is currently used as a habesiacide. It has been 
‘withdrawn frm the market in Europe for marketing reasons 
(Sayin et al. 1997), Imidocarb, whieh is primarily used in 
‘animals is another effective drug fr treating babesioss. This 
‘drug can also be used to prevent babesiosis and anaplasmosis, 
Inmidocarh can linger in tissues for along time (Hashem et al. 
2018) However, acridine and quinuronium derivatives can be 
‘used as effective drugs as well, Many European countries 
sed the habesiacides quinuronium sulfate, amicarhalie, 
dliminazene aceturate, and imidocarb diproprionate against 
bovine babesioss for several years, but guinuronium sulfate 
and amicarblide were withdrawn dae to manufacturing 
safety issues (Vial and Gorenflot 2006). The combinatien of 
imidocarb dipropionate and oxytetracycline is the most 
clfective treatment for Babesiosis in small ruminants (lar et 
al 2013), Beside this, in severe cases, supportive therapy is 
also required (Zit! et al. 2013). Vitamin Ean also be used 
‘asa supportive therapy hecause itreduces the oxidative effect 
fof babesia by increasing antioxidant activity (Abdel Hamid 
etal 2014), 


Prevention and Control 


Inthe world, several counties have not completly controlled 
bovine habesiosis, despite the availability of live atenated 
vaccine (De Vos and Bock 2000; Florin-Christensen etal 
2014}, This ean confirm the quick action fr crucial vaccines 
to prevent the development of acute disease as well as 
parasite distribution into aon-endemic areas. Bovine 
hhabesisis control is curently under threat because of climate 
changes that act on vector development and expansion 
{(Dantas-Toeres 2015: Sonenshine 2018). 

Control of this disease is crested by accurate diagnosis, 
perfect treatment, and prevention of habesioss (Mylonakis 
2001}, Animals afer recovering. from infection” remain 
‘immunized. The parasite can persist in the peripheral blood 
for several years in B. bovis cases and for many months in 
‘igemina, and no signs are apparent during this carter stat. 
‘othe animal should be monitored und treated afer infection 
to prevent the distribution of disease to other animals (EL 
Sawalhy 1999). Prevention and control of babesiosis can 
actively be maintained by the following methods: 
immunization, chemoprophylaxis. and vector control 
(Suarez and Noh 2011: ILRAD 1991). The combination of 
these three methods is also choice. Tick contral by 
vaccination his been stated as @ useful way in Austral 
(Lightowlers 2013), A research has reported that using 
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‘combined chemotherapeutics is more effective for parasite 
limination and results in decreasing the risk of drug 
resistance (Pritchard e al. 2013). The advantages of mixing 
af the chemotherapeutics include highly effectiveness, 
reduction in the dose (which may lead to reduced side 
effects) and lowering of drug resistance. According to the 
US reports, Babesiosis can be controlled and eradicated by 
liminating the host tick(s). This will be done by using 
scaricides every twotothree weeks. In those counties where 
‘eradication is not applicable, tick control can reduce the 
incidence of disease (APHIS 2010). Chemotherapy is 
another important method for contrlling bovine bubesiosis, 
citer inthe field orto control artificially induced infections 
‘Chemotherapy is critical in some parts of the world to 
‘eradicate und prevent bubesioss, Infected animals should be 
treated with antiparasitic drugs as soon as possible in 
countries where the disease is endemic. The success of 
tlsease treatment is dependent on early diagnosis and proper 
sdministration of the drug of choice (Fernandez and White 
2010; Georgiou etal. 2015). Use of living attenuated vaccine 
isthe cornerstone to control and prevent babesiosis in many 
‘countries like Argentina, Israel, and Australia. However. tis 
live vaccine isnot cheap to prexlace and has many limitations 
(Brown et al. 2006; Florin-Christensen_ et al. 2014: 
Costamagna et al. 2016; Aranda et al. 2017; Suarer etal 
2018). Vaccines are provided in frozen form. Live babesia 
vaccines are not completely safe. A single dose can 
immunize animals against habesiosis over life (Saad et al 
2015), 

Immunization ofthe animals in prophylactic way has been 
stated as dhe most elfcient way to decrease losses happened 
by bovine babesiosis. Live attenuated vaccine from the B. 
‘ovis, bigemina strain suse to immunize cattle in many 
‘countries. These vaccines are important duc to having safety 
issues such ae the potential effect for virulence in adult 
snimals, contamination possibly occurring with other 
iological agents, and blood protein hypersensitivity 
reactions (OIE 2015). 


Conclusion 


Bahesiois is severe disease not only in cattle and other 
‘domestic and wild animals but also in human beings. It has 
Significant impacts on both the economic and medical 
processes It cin cause impairment in the trade of animal 
Products such as milk, meat, and hide by decreasing their 
‘Gvality Ithas been reported that imidoearb and diminazene 
fceturate used as treatment of babesiosis for many years 
but nowadays, several compounds are progressed and 
assessed as treatment, This can offer a good point for 
disease control. Controlling tick-borne diseases is 
important in developing livestock health services products 
‘Control strategies eum be different from country o country 
and place to place and the most important ones are vaccines 
and drugs 
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Recommendations 


> Knowledge. as well as awareness, should be given to the 
‘owners about the transmission way. prevention, and control 
of babes 

> Governments and organizations should give atention to 
ccantrol and eradicate babesiosis in order Io improve the 
The surveillance system is important in Kurdistan 
Region to prevent bovine babesiis, 

[New drugs and vaccines should be develope to eradicate the 
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INTRODUCTION 


‘Two cestodes species are known for producing 
hhymenolepiasis inhuman beings, namely. Hymenolepis 
diminaa and H. nana. Out of these, H. nana is the main 
faulprit that affects humans worldwide in most cases. It 
fxpecially affects the children living in areas with lower 
hygiene stndards. H. nang infections are frequent in 
countries with mild and tropical weather. They are usually 
asymptomatic, whereas heavy infections ean present many 
‘gastrointestinal symptoms and allergic responses. H. nana 
curries out a monoxenic life cycle with a single final host, 
‘which can bea man, mice. or rats. Also, this cestade can be 
carried out in a heteroxenic cycle in which an arthropod is 
involved (Kim etal. 2014; Cabeza etal. 2015: Panty etal 
2017) 

4H. diminuza,ca the oer hand, mainly affects rodents most, 
though it may also infest humans by chance. Ie is one ofthe 
‘non-invasive parasites as it lacks the tapeworm scolex hooks 
that injariously invade the host body, Despite this non- 
invasive behavior, itis still a threat tothe host as its metabolic 
secretions hinder the normal functioning of the hosts 
alimentary tact. H.diminuta caries out only an heteoxenic 
cle. This is a zomotic cestode parastiing the small 
intestine of rodents (definitive hosts). Humans can become 
‘unintentionally intermingled in cestodes life eycle upon 
ingestion of insects infested with infective parasites 
(Kapezuk etal. 2018; Panty etal 2020), 


Etiological Agents 


‘Almost all eestodes, or tapeworms (class Cestoda in the 
phylum Platynelminthes). are parasitic as adults in the 
{nlestinal tract of verichrates, They ate bilaterally 
symmetric, usually flattened dorsoventrally. and lack a 
body cavity (Smyth 1994), The cestodes are broadly 
classified as psewdophyllidean and cyclophylidean 
festodes. Hymenolepis species (spp.) fall into the 
‘clophyllidean group. which is characterized by the 
Presence of four cup-like structures in the scolex/head 
called suckers. The suckers are either armed (presence of 
hhook-like structures) or unarmed (ne hooks). Hymenolepis 
spp. is armed with the presence of a single round of hooks 
around the suckers (Kandi etal. 2019). 

‘The disease known as Hymenolepiasis in humans i produced 
hy the infection with either of two parasiie cestode species: 
HL nana oH. dininata. H. nana adult size 15 4940 moi 
length The second ones also known asthe at tpeworm and 
the adults measure 20 to 60 cm in length (Fig. 1.2) (Al- 
‘Olayan etal 2020), 

‘The seolex of H. nana bears a etactable rosellum, armed 
with a single circle of 20 to 30 hooks (Fig. 2). The neck is 
long and slender, and the proglttids are wader than they are 
long. Genital pores are unilateral; each mature segment 
‘contains three lestes. Grivid segments break off from the 
Steobila and disintegrate, releasing eggs 30 to 47 ym in 
ameter. The oncosphere is covered with athin hyaline outer 
‘membrane and an inner thick membrane, with polar 
thickenings that bear several hair-like filaments embedded in 
the inner membrane (Sehantz 1996). 

‘The body of #1. diminuta has trce sections of i s body: a 
scoles also called the head, neck, and a strobilus. I has four 
Suckers and at scole, it has an apical organ, but it does not 
hhaverostellar hooks. In both male and female sexual organs, 
the strobilus is detached into a proglotid (Arai 1980: Deines 
etal. 1999; Pappas, 2000), 


fe Cycle of Hymenolepis spp. 


‘The Hymenolepis spp. has two types of life cycles, direct and 
indirect ite eyele (Fig. 3). Inthe ease of humans, the sure 
‘of infection is the ingestion of food contaminated with 
fembryonated eggs of parasites and. waler which is 
contaminated with feces. Inside the human, which is. a 
definitive host, the parasite followed the direct lifecycle for 
its propagation (to and Budke 2021). Upon arsival in the 
stomach, the eggs which are inthe infective phase hatch due 
to the action of gastric and biliary juices which soften the 
walls of the egg and result in the release of encosperes. 
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Fig. 1: Comparative size between Hymenolepls nana (a) and H 
mina (b (Composition by Caos R. Bautss-Gais. 


lg. 2 Aduls: (a) Homenoleps nama, and (b) HL dimimta 
(Composition by Calas R- Baus Grfas), 


lg. 3: Hymenolepis spp. ile yee. (a) Embryonated egg in the 
external environment (@) Define bots: human and rodent.) 
{Cystiercoid Larvae develop ia small nestine migrovil, (d) The 
‘aul phase deyclops inthe ileum. (e)Eggs released from gravid 
frogldids (0) Avtuopod intermediate host Tenebrio. (3) 
Gyticercoid larvae develop in insets (Composition by. Belen 
‘Mendozs-Galven 


“The oncospheres once released start penetrating microvilli of 
the small intestine (doubtful). On the fifth day of the life 
‘eyele, the oncosphre is now a eysticercoid lari that is able 
to move through the jejunum and ileum and transformed into 
the adult phase. The gravid proglotids are now detached and 
release eggs that inlet other or the sime host trough feces 
(Gutierrez and Ruiz 2014), 

‘The indirect eyele requires two hosts to complete the cycle 
(the definitive host and the intermediate host). This occurs 
mainly in rodents and occasionally in humans by accidental 
ingestion of coprophagous arthropods (Calin-Puchades 
2015), more commonly flour beetles, belonging to the genera 
Tenebrio and Tribal, as well as flea larvae such as 
Xenopsylla cheopis, Ctenocephulides canis, and. Pulex 
irvitans which are intermediate hosts, these, in turn, have 
heen infected by feeding on fecal matter containing the eges 
‘of Hymenolepis spp. harboring the eysticercoid larvae stage, 
‘wich settles in the hemocoel ofthe insect uni it is ingested 
by its host definitive, where the cysticercoid larvae are 
released, migrates tothe ileum and settles to complete its 
audalt stage (Al-Mekblafi 2020), 

‘The host can get the infection trough autoinfection, in which 
the eggs are not passed through the feces and grow into the 
udalt pase inside the same host intestine. Only those people 
‘vo get infected through this mechanism have slow intestinal 
‘movements which give parasites along perio to stay in the 
body (Galan-Puchades 2015). 


Diagnosis 


‘The diagnosis of hymenolepiasis may be: clinical 
parastological, or molecular although the fist after it has 
heen carried out hy an experienced medical practitioner, 
Fears a confirmative laboratory test. It has to bear in mind 
thatthe majrity of infections are asymptomatic. 


Clinical 


tis hased on cnical signs such as erampy abdominal pain 
dares, anorexia, and anal pruritus. The allected person 
tay also exhibit dizziness, iitablity sleep disturhance, and 
seizures (Kandi et al. 2019) 


Parasitological 


Eggs in focal samples can be identified by performing a 
microscopic examination ofthe sample (alos etal 2022). 
simple test tube floatation technique (FLOTAC) is a reliable 
‘qualitative test reliable method for copro-diagnostc purposes 
and can be effectively performed to detect the presence of 
nematode and cestode eggs of H.diminuta and H. nana, H. 
‘ana infection can be diferentilly diagnosed by measuring 
30 x 47 um in diameter parasite eggs. These eggs when 
‘observe in stool slide appedr to haye double membranes, On 
the other hand, A. diminuta eggs are measured to be 70 x 80 
um in diameter (Fig. 4) (Steinmann etal. 2012), 
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Fig. Egos: (a) Homenolepis non and (b) HL dimint 
(Composition by Cals R-Bautsts- Gata), 


‘Sharma etal. (2016) caried out Restriction Fragment Length 
Polymorphism (RFLP) and Polymerase Chain Reaction 
(PCR) studies of the nuclear ribosomal internal transcribed 
spacer 2 (DNA-ITS2) gene markers. The researchers found, 
that both H. nana and HL. diminta displayed distinct 
restriction pattems when digested with one of the enzymes 
‘namely Real, Haelll, ar Hhal. The annotated DNA-ITS2 
sequences from the to species turned cut to be different in 
the length; a clear demarcation was also scen between the 
secondary folded structures of the two species along with 
length difference in helices. The pyrimidine-pyrimidine 
‘mismatches and ites of motif occurrence were also found to 
bbe varying. Yang etal. (2017) got the molecular diagnosis of 
HE. nana soa Hsiminuta, evaluated in rats by aplication 
fof the internal tanserited spacer 2 (ITS2) region of the 
‘nuclear ribosomal RNA gene and the mitochondrial 
{ytochrome C oxidase subunit 1 (COX!) gene, through PCR, 


Epidemiology 


With an estimated 50-75 milion human catirs worldwide H. 
una an H. diminaaa peobably are the most commen cestode 
parasites of humans. Afghanistan, Argentine, Africa, Asia 
‘Australia, Central and South America. India, aly. Spi 

Mexico, North America, and southern and eastern Europe are 
the endemic areas for these cestodes with prevalence rates 
‘going from ss low as 1% to as high av 30%. The 
institutionalized populations are most prone t infections with 
prevalence rates reaching upto 8% in patients suffering fom 
{Immunity or nutritional issues. In children, H. nana ean have 
4 prevalence of S-25%. In contrast to this H. diminuta is 
tlsributed mulki-thnically and its prevalence in some parts 
‘of Indias found to be up to 19%. Children that ae exposed to 
revlents and stored cereals or grains have th highest chances 
fof getting infected (Besedina 1970: Buscher and Haley 1972: 
Ghaadiran, 1972; Cabeza et al. 2005; Guerant et al 2011 
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Burton etal. 2013; Mega etal 2013; Abraret al. 2015; Cahada 
et al 2016, Cabada et al. 2017; Bennet et al. 2020) 
‘Throughout the Northern Territory of Australia, H nana 
remains endemic, predominantly infecting Indigenous 
children less than 5 years of age (Hamid etal. 2015), 
Panti-May et al (2020) to get a more accurate estimate of 
human cases that got infected with H. diminuza, literature 
review of published records was conducted. This review was 
fom the literature about human infection with H. diminuta 
‘An everview explaining human infections with this parasite 
From an exhaustive list of 80 countries, one thousand five 
hundred and sixty-one published records af infection with H. 
diminiga were identiied, The review displays an estimated 
number of 1. diminuta infection cases in humans with an 
‘overview of the current prevalence rate, symptoms, 
‘gcographic distribution, diagnosis ofthe disease, mechanism 
ff exposure to infective stages, and approaches for the 
treatment of this underestimated tapeworm ith eonnotic 
potential (Nasir etal. 2008) 

Panti-May etal, (2020) with the aim to describe the role af 
rexents 38a potential zoonotic source of infection, conducted 
‘morphological and molecular survey on cestodes in rural 
“Paraiso” and “Xkalakdzonot™ villages trom Yucatan, 
Mexico, H. nana infected to 7.8% of children fom Paraiso 
HL mnicrastoma ws isolated in 44% of Mas musculus fom, 
Paraiso, and diminuta in 15.3% of Rates ramus trom 
Xalaktizonot villages (Goudazi etal. 2021), 

Parasitic infection is a major health issue that affects 
humans in developing countries. (Kheirandish etal. 2014) 
in a stady people working as staff in fast food shops, roast 
rica outlets, and restaurants of Khorramahad and southeast 
of Kerman provinces (Western Iran), people were selected 
tnd then checked for the infestation af parasites. The 
Percentage of intestinal parasites found in this study is as 
follows: Giardia lamblia 29%, Entamoeba coli 4.3%. 
Blastocystis sp. 1.4%, and H. nana 0.5%-2.5% (Willeocks 
tal 2002; Kheirandish etal. 2014: Panti-May etal. 2020a; 
Panti-May et al. 2020b). nana (24%) a helminthic 
parasite i found as the most common parasite of the 
intestine in a study of the southeast of Kerman province 
southeastern Iran. Many authors logistic regression proved 
that Homenolepis is associated with parasitic intestinal 
infections. which spread throagh drinking water” and 
residential status (rura/urbun) (Daryani etal. 2015: Sadeghi 
ct al. 2019: Khojasch et al, 2021). Near the southeastern 
‘coast of continental North America, wild animals have been 
found for specimens of Peromyscus palianotus and species 
Jymenolepidid have been found in the old field mouse and 
these cestodes are atributed to Hyimenolepis. H. folkers n 
sp. It belongs toa diverse genera Peromyscus which has 56 
unique species in the Nearctic. Recent research and 
cesidence show thatthe diversity of tapeworms is due to the 
huge variety of hosts including small rodents ofthe family 
CCricetidae, murid, and geomyid in sympatry (Abbaszadel 
tal. 2020). The distribution of Hymenolepiasis around the 
‘World is shown in Fig. 5 
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Fig. 5: The worldwide Hymenolepiaisdsuibuion, (Compesition 
bby Genin R- Colmenues Vlado 
Regions wih Hymenolepasis FEE] Regions ee =] 


Factors Involved in the 
Hymenolepis spp. 


Transmission of 


‘With no requirement for an intermediate host in its lifecycle 
‘make H, nan one ofits kind and unigue cestode. Both man 
fand rodents can act 28 final and intermediate hosts 
simultaneously for this parasite. Some arthropods can also 
serv intermediate hosts including fleas and grain beetles. 
‘The eggs preseat in the contaminated hands, fomites, sil, 
‘water and food can serve as source of infection im humans 
i ingested This isthe reason forthe high prevalence ofthese 
parasites in populations with low hygiene standards and a 
high number of radents Sometimes the accidental ingestion 
fof insects containing this parasite can also lead to the 
transmission of infection to humans. The factors ike the 
seasons of the year or the socio-economic conditions may 
favor the transmission of H. nana. Lack of hygiene plays & 
vital role in spreading infection, The precarious Housing 
‘conditions and the presence of animal feces in public parks 
Most children are affected due tothe lack of good hygiene 
habits. Consuming unwashed and dirty vegetables or fruits is 
also factor that supports the spread of infection. Iisa well- 
[known fact that vegetables are irigted with sewage making 
them a suspect of harboring parasitic agents (Lojn-Neira et 
al 2017; Chitsaz etal, 2018: Murillo-Zavala eta. 2018), 

1H. diminuaa causes disease in humans ess frequently than it 
docs in animals, Various larvae and adult insects are 
susceptible to infection with this parasite. The ingestion of 
this parasite’ eggs by insects (eg. flour beetles or larvae of 
fleas) leads tothe formation ofthe cyticeroid larva inside 
their body cavity. Humans may have a chance of infection if 
they orally consume these larvae. along. with maw or 
‘undercooked insects that were already. infested. Oral 
ingestion isthe only route of transmission. The prevalence of 
this parasite mainly occurs in individuals living in areas with 
lower hygiene standards, the presence of rodents in living 
premises, and a history of careless behave with animals. It 
is especially important in areas where insects are commonly 
ccansumed a food (Martiez-Barhabosa etal. 2012: Melhora 
2016) 


Control 


‘The use of oral praziquantel (single dose of 20.25 mg/kg 
children as well as adults) is the mest common way of 
trealment Aer using the dru, a copro-parasitoscopic follow 
tupis done ater 3 weeks. Besides this mtazoxanide is used ts 
an alleative treatment if the paraiosis is 82% (Apt2013), 
‘The drug praziquantel works by increasing the permesbilty 
ofthe tegument of the helminth resulting inthe rupture ofthe 
tegument and death of the helminth occurred (Cruz and 
famurgo 2001). While the mechanism of action of 
nitazasanide is the inhibition of tubulin, which causes 
destabilization in the tubulin-microtabule balance, thus 
‘atsing the parasite to lose cell homeostasis and thus 
detachment and death (Searcela etal 2007), 
‘The side effects that proaiguantel generates in greater 
proportion are headache, abdominal pai, nausea, dizziness, 
drowsiness, and rarely fever, hives. and seizures, for which 
research has been carried out inthe search fr an alternative 
treatment for the elimination of the parasite reducing the 
adverse effects or that they do not alter the daily life of the 
Patient (Paben 2014), 


Alternatives for Controlling Hymenolepiasis. 


‘The use of medisinal plans like spice and culinary herb 

innamon" is an alternative method to contral 
hhymenolepisss. Different studies reveal that the bark of 
‘cinnamon has organi extracts, proanthocyanidin tannins, nd 
trans-cinnamaldeyde, Since this knowledge isnot enough and 
further studies are required on the antiparasitic properties of 
Cinnamon spp. snd some action ofthis plant is shown ia 
some infections of estodes (Castieda-Ramiter etal. 2020) 
‘On the other hand, the use of extracts from edible mushrooms 
for medicinal purposes has become more evident today and 
they have been shown to help reduce or eliminate the number 
of parasites in certain infoctions. A study by Velizco-Cruz 
(2017), evaluated the hydroalccholic extract of the edible 
mushroom Pleurotue ostreatus in rodents infected with H. 
diminusa. The (ECS-1123) strain ofthe edible mushroom P. 
‘ostreatus was obtained from the mycological strain collection 
ofthe Tropical Fingi Laboratory (Colegio de la Frontera Sur 
located in Tapachula. Chiapas, Mexico) under the prior 
authorization of Dr José E. Sinchez. ‘Tae hydroalcoholic 
‘extract was obtained by the maceration method, it was 
administered orally to a butch of rats and its activity was 
‘valued at dhe egg and adult levels, Obtaining reduetion 
atthe egg level of 29.8% and 67-56% atthe adult level at a 
‘concentration of § mg/mL. 


Conclusion 


1. nana is the min culprit that causes bymenolepiasis ia 
humans across the world. It especially affects the children 
living in areas with lower hygiene standards. It is important 
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to emphasize having a three-party vision of a global one 
‘neal triad that lets humans, animals, and the environment 
join forces to understand their interelaionship in 
‘maintaining the ecosystem. The concept of “One Health” 
resented an idea that was already known to man for more 
than a century, human and animal well-being are 
interdependent and connected tothe health ofthe ecosystems 
in which they co-exist. We accepted and applied this 
Approach as a collaborative goal of the global effort 10 
‘understand the risks faced by human and animal health as 
‘well as the well-being of the ecosystem as a whole unit 
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Lyme Disease and Relapsing Fever 


INTRODUCTION 


Lyme disease is a prevalent tick-horne infection in the 
United States (Roberts et al. 1998). Lyme disease and 
relapsing fever are caused by various species of genus 
Borrelia causing different pathological problems. "The 
‘causative agent for Lyme disease is a spirochete bacterium 
called Borrelia (B.) Burgdorferi (sensu lato) stain, while 
relapsing feyer is caused by Relapsing Fever Borrelia 
(REL), Which is a spiral-shaped bacterium (IGeneX Inc 
2015). Lyme disease infection is transmitted by tick Isades 
(1) Ricinus: The most common tick born disease in Europe 
is Lyme Borrelioss. Spirochetes do not have any effec in 
the transmission ofthe disease to humans even though they 
hhave heen isolated from mosquitoes, flies and fleas. In 
[Burope, deer and rodents serve asthe key reservoir for B. 
‘Burgdorferion which 1 Ricinus ticks usually prey (Staczak 
tal, 1999), Almost 11 known genostrins of genus Borrelia 
fare considered to be pathogenic, The clinical signs of 
telapsing fever are similar as that of Lyme disease and 
caused by a species of Borrelia called Relapsing Fever 
Borrelia (REB). Three Lyme disease stages are known; early 
localized, early dissemination, and late. Erythema migrans 
‘which isu red ring-shaped rash atthe site of tick bite i the 
sign for carly loalized disease (Cervantes 2018). Early 
localized symptoms might include fl, headache, fever, 
‘malaise, myalgia, and arthralgia (Bransfield 2018), 
Disseminated stage has symptoms similar to early stage, 
‘with the most common symptom of several lesions of 
erythema migrans, flu, Iymphadenopathy. arthralgia, 
‘myalgia, ophthalmic conditions, lymphocytic meningitis, 
and palsies ofthe cranial nerves (Bransfield 2018). Artis, 
‘isthe most common pathological condition caused by these 
pathogens that affects large knees and joints (Arvikar and 
Steere 2015). The diagnosis ofthe disease with clinical signs 
and symptoms are dificult because the signs are not specific 
(Shapiro 1995). Lyme- disease canbe diagnosed by 


‘exposure to the bites of ticks, typical signs, serological tests 
for anti-Bb antibodies and physical findings (Murray and 
Shapiro 2010), The treatment of the disease includes the use 
‘of antimicrobial drugs depending on dhe age ofthe patient 
and the stage of the disease (Antony 2018). 


Etiology 


Lyme disease or Lyme borreliosis is vector-borne disease 
‘sed by diferent species of sprochete bacteria known as 
‘BBurgdorfer sensu lato, which s transferred by the infected 
tick bite (Stanck et al. 2012). Different species af ticks 
transfer the disease, with the J ricinus being the most 
‘common vector ofthe disease (Staczak etal. 1999). Iisa 
‘gram-negative, spiral-shaped, slowly growing, micro 
Serobic, spiral-shaped bacterium. The cells of the bacteria 
divide about every 12-24 hours Zamowska and Prymek 
1995; Zajkowska 2008; Oliveira et al. 2010). Amoag 11 
genospecies thal are transferred by ticks and affect wild 
animals, 3 species can infect humans, including 2. 
‘burgdorferi sens stricta, B. gavin, and B. afcelit, mostly 
prevalent in European counties. B. burgdorferi sensu stricto 
also exist in North America, while, &. garini, B. afceli, B. 
Disceti, B. valaisiana and B. hastaniae appeae in the Asian 
countries which are pathogenic “to humans (Aguero 
Rosenfeld etal 005), The main reason for different clinical 
‘manifestations of Lyme disease in Europe and United States 
is the presence of different spirochete genospecies in these 
two continents (Wang et al. 1999). Difleent genospecies of 
Borrelia attacks different organs and body parts. 2. 
Ihurgdorferi sensu stricto affects the joints and eauses Lyme 
athrts- . gavin is responsible fr neuroborrclioss, and 
‘afeelli causes limb dermatitis (Zajkowska 2008), 


Epidemiology 


[Lyme horrelioss i tck bore and endemic disease in North 
Asia, Europe and North America (Owecki and Kozubski 
2007), The disease is prevalent in areas with high forested 
[geographies including Scandinavia, Germany. Slovenia and 
Austra (Ryulz-Stryezewska 2007). Australia, Aftica, South 
‘America and southern states of the United States are 
‘eansered as fre from Iyme disease (Oweckt and Kezulbski 
2007), Norheasters and upper Midwestern region of the 
United States is the most common places in the North 
America for the occurrence of Lyme disease (Berry etal 
2017) Fig. 1 shows the distribution of Lyme disease duc 10 
distribution of the odes ticks, pearly J. scopulars that 
transmit the causative agent of Lyme disease inthe United 
States (Murray and Shapiro 2010), 
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Fg. 2: Geographic Extension of Lyme Disease activities (Oadeuerl 2015), 


Lyme disease has also extended into. many countries 
‘worldwide beyond the endemic foci. Fig. 2 shows Lyme 
disease activities around the world. which include diagnosed 
ceases of the disease. presence of infected ticks, infected 
‘animals, and positive human blood simples for Borrelia 
(Ozdenerol 2015). 


Molecular Biology 


Immunological study of B. burgdorferi (North American 
strains) shows two surface proteins including outer surface 
protein A (OspA. 30 to 32 kD) and outer surface protein B 
{OspB, 34 to 36D) (Karam 2012). Like flagellar antigens, 
the 4I-RD antigen i also found inthe Nagellum. Nowadys, 
all the isolates have 410 9 pieces of extrachromosomal 
plasmid DNA. Protein may code by plasmid which are 
rucil forthe pathogenicity since the loss of infection ofthe 
isolates are abundantly distributed in the laboratory. Thus, 
they have a relation with the loss of specific plasmid in 
culture (Barthold etal. 2010). In recent studies, t has been 
found that similar to relapsing fever. B. buradorferi ean differ 
ite antigenicity using’ different “methods “and. genome 
‘modifications (Barbour 1991) Borrelia cells have an average 


size of 0.2 t0 0.5 ym by 4 0 18 pm. The flagella which are 
Peviplasmicin nature and have an origination form cither end 
‘ofthe spirochete and wind around the protoplasmic eylinder, 
‘ving the shape and motility tothe organism, in contrat to 
the peptidoglycan layer that shaped the other hacterial 
‘organism (Fig. 3) (Karami 2012). The flagella role is 
‘established by inactivation of a gene known as flab that 
‘encodes the flagellar protein, filament protein (FlaB) (Kara 
2012). The bucterium produced do not have periplasmic 
‘agelia and are rod-shaped and non-motile, Alternatively, the 
motility of bacteria which have external flagella is hindered 
in viscous substances (Groshang and Blevins 2014). 


Pathogenesis of 8. Burgdorferi 


‘The pathogenicity of B. burgdorferi depends on several 
factors, including the spirochete's motility, cytotoxicity, 
Iymphoeyte stimulation and spirochetes resistance to activate 
‘completely in the specific antibodies (Sobieszezaiska 1994), 
2B. burgdorferi can be transferred from the infection site t0 
various purs of the body through blood, Iymph and by 
peripheral nerves. As the tck-bites are the main sources of 
infection, the inflammatory symptoms are getting visible 
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Fig 3: Stuctue and matpholoay of In poferi Rosset 2S. 


more quickly atthe ste of bite whichis an indication that 
dissemination is more effective in tissues than blood (Fig. 4) 
(Zajkowska et al. 2000; Zajkowska and Hermanowska~ 
Supakowicz 2002). B. burgdorferi spirochetes can connect to 
cendetheial cells and cross the endothelial Layer into the 
fextracllular matrix. The bacteria hide from the defense 
mechanism of the host as well as antibiotics by localization 
in the extracellular matrix. utilization of fbroeytes and B= 
Iymphoeytes (Zajkowsks et al. 2000). The bacteria show 
tropism to the connective tissue of the hear, synovial 
membrane, vascular endothelium and to tendon und ligament 
attachments (Crzesik etal 2004). Superficial outer surface 
Proteins play an important ole in the survival of the bacteria 
‘which protect membranous proteins against the action of 
antibodies (Zajkowska and Hermanowska-Szpakowicz 
2002). Bh spirochetes are capable of modifying both cellular 
‘and humoral immunological response, and. are able to 
Ucretse the phagocytotic action ofthe host. The bacteria 
disturb cytokines and antibody secretions hy aggregation 
‘with tissue proteins and fibroblasts, B. burgdorferi might 
attack and destroy T and B lymphocytes (Zajkowska etal 
+2000), Complement system can be activated by classical or 
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alternative pathway after the attack of bacteria on the host, 
‘while the action of antibacterial is only activated in the 
ceistence of specific anti-B antibodies, Microbial adherence 
might happen independently inthe presence of antibodies 
(Tuchocka 2002). In the Lyme disease pathogenesis 
spirochetes fusions with glycosaminoglyeans, heparin and 
heparan sulfate will be able tn fuse spirochetes with 
‘endothelium. Moreover, decorin which i skin proteoglycan 
‘an ke figure out by bacterial lipoproteins (Grzesik etal. 2004), 


Clinical Manifestation and Infection Course 


Chronic Lyme disease has a diverse clinical picture (Rolla 
Seczepaiska 2007), This disease can be divided into three 
main stages: early localized, early disseminated, and late 
Sage (Fig. 5) (Tylewski-Wierzbaniowska etal 2008) Early 
localized Lyme disease is characterized by an expanding. 
circular red rash known as erythema migrans (EM) which 
‘appears around 1 0 28 days alter tick exposure in endemic 
areas Flsak and Pancewicr 2008). The second stage which 
visually develops around 3 to 12 weeks aller infection. 
General malaise, ever, neurological feature such as head 
ache and cardiac symptoms like chest pain, palpitations and 
lyspmen are the general features of early disseminated stage 
(Muhammad and Simonelli 2018). Late Lyme disease 
appears months of years alter infection, ‘The typical 
characteristics of ale stage of the disease include 
neurological and sheumatologicalinvolyements (Yeung and 
Baranchulk 2018), 


Erythema Migrans (EM) 


Enythema migrans occurs in nesely O46 of the infected 
individuals regardless ofthe age and sex. EM isan oval, ed 
or blue rash that appears a the ste of tick bite (Fig. 6). A few 
‘weeks aftr the tick bite, EM starts to increase in diameter. 
‘The maximum diameter that EM might reach iss large as 70, 
‘centimeters (Nav et al. 2009), Usually, erythema migrans 
Stays for several weeks and then disappears and this does not 
‘mean the eradication of rashes (Flsiak and Pancewicr 2008) 
[Numerous EM appear rarely, and isan indication for the 
dissemination of the infection. Erythema migrans skin 
‘changes might be accompanied by systemic signs such as 
fever, muscle and joint pains, headaches, meningeal signs and 
lymph nodes enlargement thal may be reted a certificate of 
spirochetemia (Wormser eta. 2006) 


Neuroborreliosis 


2. burgdorferi can cause disseminated infection and the most 
popular and severe form is Neuroborreliosis, The cases of 
neuraborrliosis commonly found in ‘the Europe. 
[Neuroborrelisis usually involve central as well as peripheral 
nervous system, Ie might be caused hy all three spcies of 2 
burgdorferi. B. garni‘ are mestly isolated from cerebrospinal 
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fluid (CSF) than other species in Europe (Plisisk and 
Pancewicr 2008). In early stages of the disease, 
‘neurchorreliosis might proceed with cranial nerve paralys 
most frequently the paralysis of facial nerve. CSP 
inflammation and changes may cause paralysis, The early 
sages of neuroborreliosis might cause nerve rots or single 
Peripheral nerves paralysis, Meningitis and 


‘encephalomyeliis may also occur. A slow course of 
fencephalomyelitis might appear in the late stage of Lyme 
tdsease Itmay also proceed to peripheral neuropathy as well 
1s djsaphia and paresteses might appear during dhe chronic 
infection. Encephalopathy, dominating memory impairment 
tnd dizziness may also appear daring the course of disease 
(Wermser etal 2006), 
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Lyme Arthritis (LA) 


‘One of the frequent manifestations of the AL burgdorferi 
infection is Lyme anitis (LA), In both early and late stage 
fof Lyme disease infection, Lyme antritis appears. Nearly 
10% of Lyme disease patients have persistent arthritis and 
show resistant to anbiotics, along with the remaining 
symptoms of disease, despite of using standard antibiotic 
(Aguero-Rosenfeld et al. 2005). Frequently administered 
lanubiotic might not be effective, hecause spirochetes can 
persist inthe joins during arthritis despite of eliminaticn of 
the pathogens. Remtins of spirochetes in the joints and 
arthritis without spirochetes cin be differentiated by DNA 
detection of B. hurgdarferi in synovial uid or synovium 
(Staiezak etl. 1999). Lyme disease could exist with various 
Clinical appearances, for example, muscle ache. arthralgia oF 
periarthitis can persist for months cr even years. Most cases 
fof Lyme arthritis attack the knee joint, followed by the 
Ihumorous and shoulder joints, The temporal and mandibular 
joints, small joints of hands and legs, elbow. sis, hip and 
ankle joints are rarely infected. In rare cases of LA, it may 
Cause permanent damages to the aflected joints which are 
irreversible and also cause permanent immobilization of the 
joints (Kochack-Preudzik 2019) 


Lyme Carditis, 


Cards may appear atthe early stage of Lyme disease in 21 
days aller infection, However, this curation might last rom 
week to 7 months. In B burgdorferi infection, heart 
problems might be appeared with other forms of Lyme 
disease such as EM or nervous systems (Alari etal. 2016), 
‘One of the features of heart infection in the course of B. 
Iursdorferi isthe acute onset and atrio-venricuar 
slseocation as partial or total atro-ventricular block (Yeung 
and Baranchuk 2018). Myocarditis, pericarditis, benign 
cardiac insufficiency, and chronic hemostatic 
Cardiomyopathy are fewer common complications of Lyme 
‘aris. The persistence of B. burgdorfer im cardisc muscle 
during spirechetemia that appears during the early stage of 
disease, might be the cause of myocarditis (Paton. and 
Philips 2018). However, the chances of disease progression 
towar myocarditis and pericarditis are very rare (Shapiro 
and Wormser 2018). 


‘Acrodermatitis Chronic Atrophicans 


After several years of infoction with Lyme disease 
facrodermatitis chronic altophicans might appear a red ce 
blue-ed stain occurring cn the skin of the distal parts of the 
limbs (Fig. 2) (Stanek et al. 2012). It is a long standing 
chronic, and progressive form of Lyme disease that appear 
more frequenlly in Europe than in the USA. alfecting male 
patients with older ages. Acrodermatitis chronie atrophicans 
is mostly caused by Bafeli(Bhate and Sctawartz 2011) 
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Fig, 7: Acrodermatitis chronic aophicans (ACA) is ypicaly 
located on the exensr sites of exteitis: (A) ulnar and and 
lesions, (Bi) Busted lesion onthe ck of paints and and 
\waky appearance of theskin of fingers (C) lesions ona patient et 
Tot andtower le (Stancket al. 2012), 


Diagnosis 


The early diagnosis of Lyme disease associated with 
erythema migrans does not need any serological tess. 
Erythema migrins appears in between 2-30 days beyond the 
bite ofthe infected tick, while anti-Bb antibodies appear in 
sround 2-4 weeks after th inital tick bite. The patients with 
EM might have negative results for serological test (Plsiak 
and Pancewicz 2008). In disseminated disease, the diagnosis 
becomes more difficult and based on careful epidemiological 
history to confirm any exposure to tick bites ypical clinical 
signs ofthe disease and test positivity fr ani-Bh antibodies 
in the patients serum (MSD veterinary manual). 

Two-step diagnosis is needed to detect the pathogen 
including the firs step is based on ELISA (eneyme- inked 
immunosorbent assay) and then theresults must be confirmed 
hy a more specific Wester blot assay (Zajkowska tal 
201K). Humoral response stars with immunoglobulin. M 
(Ugh antibodies that usually appear in about 2 to 4 weeks 
alter infection. The level of IgM antibodies peaks 8 to 10 
‘weeks postinfection and starts to disappear gradually, which 
in some paticls might remain for several years, 
Immunoglobulin G (1gG) antibodies canbe detected in serum 
shout 6 weeks postinfection and reach the peak levels afer 
4410 6 months. It can be detectable in serum for many years 
(Rose Russell et al 2018). Anti- myelin antibodies are 
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‘Table 1: Tent of Lyme disease (Mark and Klempaes 2001), 
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detected in the serum and CSF in patients where central 
‘nervous system (CNS) borreliosis causes demyelination. The 
CSP cell count is increased to several dozens or several 
hhundred in eases of meningitis, accompanied by a. slight 
clevation of CSF protein level and specific intrathecal IgG oF 
IgM anubody synthesis, which is detected using ELISA test. 
CSF abnormalities might he absent or minimal in early stages 
ofthe Lyme borreliosis, and limited toa sight increase inthe 
protein levels (Murray and Shapiro 2010), There are 
dliliculties in serological texts and it may be a result of 
dlilfeentstion within individual Borrelia species. I is 
imponsible to obtain valid results of serological test hy using 
dliagnostic antigen derived from only one strain (Aguero 
Rosenfeld etal 2005) Variable major proein-like Sequence 
(VISE) is a recently described marker which can improve the 
sliagnosis of Lyme disease (Aberer 2007) 


‘Treatment and Prevention 


‘The main treatment for the Lyme disease is the use of 
antibiotics. For the selection ofan appropriate treatment, the 
stage of Lyme disease and the duration of the treatment 
should be concemed, “Anuibioic treatment for Lyme 
borreliosis lasts 2 minimum of 21 days (Dybowska 2006), 
First-line antibiotics used for the treatment purpose includes 
doxycycline, amoxicillin, ceftricone, cefotaxime and 
penicillin G. Acitomycin of clarithromycin might be used 
fas an alternative for amoxicillin o doxycycline. The 
‘combination of antibiotics an long duration treatment with 
antibiotics is also not recommended (Beckenstedt et al. 2002: 
Wormser and Schwartz 2000). Table 1 shows treatment 
protocol of Lyme disease a various stages 

The best way to prevent the infection with B. burgdoyferi is 
by prevention of infected tick bites. Removing the ticks 
soon as possible after any exposure protects the host against 
infection with spirochetes, Ticks should be removed with 
Froper care. The possibilty of spirochete transmission to 
hhumans is increased while removing the ticks carelessly that 
‘might regurgitte the tick gut content, Removing of the ticks 


needs a single movement, and the site of the bite should 
immediately be cleaned and disinfected, ‘The injured 
individual should be thoroughly observed for up to 30 days 
looking for signs and symptoms of Lyme disease. Active 
prophylacties of Lyme borreliosis ie, vaccination is, not 
available. B. burgdorferi vaccine based on protein A of the 
‘extemal envelope of spircchete (OxpA) was developed and 
Fepisterd in the USA, but the vaccine was removed during 
2002 (Piesman and Fisen 2008, Richer etal 2011), 


Conclusion 


Lyme borreliosis isthe most wide-spread disease transmitted 
hy ticks in Europe and the USA and creates many diagnostic 
and therapeutic problems. It can either be localized or 
fystemie which cin mostly he manifested in the skin as well 
2s musculoskeletal signs, However it ean distribute to other 
body parts, specifically nervous system and heart. The 
disease is diagnosed on the ass of clinical signs and then 
‘confirmed through serological tests, It cam be treated with 
antibiotic for a period of two to four Weeks. The disease 
‘ight be prolonged in the patients with delayed therapy and 
‘an lead to irreversible tissue damage, 
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INTRODUCTION 


Tropical regions of the world are located between Trop of 
Capricorn and Tropic of Cancer, among the territories of 
‘mare than one hundred countries from America, Europe, 
‘Asia, Africa nd Oceania (Fig. 1) Tropical regions represent 
‘only a 7% of terrestrial surface, but biological diversity found 
in these regions is the richest of ll climates, containing more 
than 50% of world's species (Beck 2019), However, the 
‘optimal conditions for bovines also serve as the best 
femelitions for a number of parasites and other 
‘microorganisms that have been adapting and evalving since 
hhundreds of years azo (Rosenberg and Zilher-Rosenberg 
2011: Caviechiol etal. 2019), 

Livestock production around the world is one of the most 
‘important source of food for world population, given the fact 
that hovines may be used for meat, milk or double purpose 
production in the developing countries located in topical 
regions. Approximately 453 million bovines are justin the 
Sub-Saharan Affica and South Asia (Oosting etal. 2014), 
Meanwhile, acording 10 FAO (htps/ivw:fa0.re/fuostat! 
cew/duta), tropical regions have provided more than 31 
thousand million tones of workd cate meat and milk 
production in the las five years (Beek 2019), 

‘Atthe same time dhe economic effets of infectious diseases 
affecting livestock prosiucers quality due to the losses by 
detriment in weight gan, daily milk production, reproductive 
capability. diagnosis and treatment expenses, and morality. 
Unfortunately, very limited studies conducted yet to 
determine the real economic impact of hemoparasitc 
diseases inthe world however, some works obtain results on 
the litle scale or with a short sample. size that can 
underrepretent the real effects of these diseases. Bovine 


anaplasmoss, for example, has been estimated to produce an 
‘economic loss of more than $100 million dollars per year in 
the US only (Kocan etal 2010). A receat study showed that 
‘expenditure due to theilerisis represents 13.83% ofthe far 
fests of a dairy farm in Pakistan (Rashid et al. 2018), 
Economic lorses due to babesiors as also been estimated in 
thousands of millon dollars per year (Orubek et al. 2020). 
However, economic significance has to be evaluated 
‘emnsdering the effects of both diseases and vectors in order 
to-develop control strategies that allows the reduetion of both 
factors to improve animal health and thereby to achieve One 
health (Rodriguez etal 2009; Kecan etal 2010), 


Bovine Hemoparasites in the Tropics 


“The co-infections in bovines isnot rar andthe evolution has 
made parasites and hes to adapt according to each other and 
teymaintain certain steadiness, producing the enzontie stability 
‘of diseases (Esteve-Gasent ea. 2020). The problem comes 
‘wen this stability breaks and negative elfeets show on the 
host species in the form of clinical sign of disease, reduction 
‘or lick of production, por genetic improvement or economic 
losses due to treatment expenses, damages to production and 
deat of the animals (Rodriguez et al. 2009), There are 
following hemoparastc infections causing economic impact 
‘on bovine found in the topical regions of the world 


Anaplasma spp 


Anaplasma (A.) marginale is a gram-negative bacterium, 
belonging to the order Ricketsiales, which cause enzootic 
bovine anaplasmosis in Europe, Asia, Africa and Latin 
America (Kocan et al. 2010). Anaplasmataceae family 
‘contains other species of Anaplasma that infects eatle, such 
as A. centrale (A. marginale subsp. centrale) ee A. 
phagoestophilum which has a wider range of hosts and isa 
zoonotic microorganism (Kecan etal, 2010). 

In bovines, A. marginale isthe most pathogenic species of, 
the genus which parasitizes erythrocytes of eatle causing 
fever, jaundice, loss of appetite, Weightloss, abortions, low 
mil: production and death (Kocan etal. 2010). Transmission 
fof A. marginale occurs through the ticks belonging to the 
‘genus Rhipicephalus —(Boophilus)  microplus and 
Dermacentor (D.) andersoni, D-variabils, D.albipitus, D. 
Junter and D. occidentalis (Kocan et al. 2003, 2010; Vet et 
al, 2007; Guzmin-Comejo et al. 2016). Hematophagous 
insets (Tubunus spp.. Anopheles, Psorophora, Haematobia 
irvitans and. Stomoxss calcitrans) can also transmit the 
‘microorganism mechanically (Ristic and Kreier 1984; Blowin 
tnd Kocan 1998: Bautist-Carfiaset al. 2021). 
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lg. 1 Tropica egions of the world, Delite by the Topic of Cancer and Tropic of Capricorn, the region is characterized by the presence 


of great diversity of species, (Matridow eal. 208). 


‘Once recavered from acute inital infection, bovines become 
‘chronically infected presenting cycles of ricketsemia every 6 
to8 weeks, ln these persistent cases, microscopic identification 
fof pathogen will be difficult and serologic (indirect or 
‘competent ELISA) or molecular (PCR, gPCR, LAMP, 
RLBH) diagnosis will be more precise, sensitive and specic 
(Carelli et al 2007; Wen et al. 2016; Puoletta etal. 2018 
‘Salinas-Bstela etal. 20223). 


b, Babesia spp 


Bovine babesiosis is an infectious disease caused by 
protozoan parasites Babesia (B.) bovis and B. bigemina 
‘which are considered as most pathogenic species for bovines 
(Henker et al. 2020), and are widely distributed around the 
‘world, Ticks are the biological vector of these pathogens 
including. Rhipicephalus (A) microplus and A annulatus 
(Mosqueda et al. 2012: Esteve-Gasent et al. 2020), The 
infection produces fever, anemia, haemoglobinuria, apathy. 
anorexia, drop in productivity, and in some cases nervous 
‘movements and death (Bock et al. 2004). Severity of disease 
depends on bovine immune status. age strain ofthe parasite 
and number of infecting microorganisms (ELDakhly etal 
2020}. Recovered animals become chronic asymptomatic 
farrers and a source of infection for non-infected snimals 
(Chiver-Larrea et al. 2021). Conventional treatment of 
bovine babesioss is based “on imidocarb of diminazen 
azcturate, More recently many olher drugs have been used 10 
tweat bovine babesiosis including triclosan, nerolido, 
artesunate, epoxomicin, gossypol and _atovaquone 
(Mosqueda et al. 2012). Control ofthis disease relies on tick. 
conta, surveillance diagnosis, and adequate nutrition 10 
‘maintain an optimal immune status. Vaccines are yet to be 
developed against Babesia spp. (Esteve-Gasent et. 2020), 
Several approaches in vaccine development include 
‘immunization with alfenuated strains, cell culture and 
_genome-based vaccinology (Mosqueda et al. 2012, 2017). 


«Borrelia spp 


Borrelia spp. are gram-negative spirochaetes which ae $-20, 
um long and upto 0.$ um wide, and causes disease in humans 
and animals. Among these, Borrelia (B.) theler, x causative 
‘gent of bovine borreliosis i well-known to infect cate and 
‘other mammals those, sheep. goats and deer). This disease 
has already been diagnosed in the cattle of South Africa, 
Nigeria. Austria, Brazil, Mexico and Argentina 
(Yparraguire etal. 2007; Cordeiro et al. 2018: More et al 
2019: Qiu etal, 2021), The infection begins by attachment 
and prolonged feeding of infected vectors i.e. Rhipicephaus 
licks (R. microplus, Reversi, R annulans, and B. 
decolorarus) (Smith et al. 1978; Matton and Melekebeke 
1990; Yparraguime etal 2007: Cordeizo ct al. 2018; Qiu et 
al. 2021). Bovine borreliosis isa low pathogenicity disease: 
however, signs such as fever, hemoglobinuria, lethargy and 
anemia can be present in the infected animal (Callow 1967). 
‘This disease usually occurs associated with babesiosis and/or 
snaplasmosis worsen the hematological parameters of the 
animal, especially in splenectomized cattle (Smith et al 
1985).” While, in Africa, borrelisis is associated with 
hubesiosis, theileriosis, anaplasmosis and eperitrozoonosis 
(Koch et i. 1990), 

B. burgdarefi sensulato- complex isthe causal agent of Lyme 
tdsease in humans and can also infect cate. The main veclors 
‘of B. burgdorferi in wopic regions (South America, Aiica 
tnd Australia) belongs to the Lcodes (L) vicinus species 
complex (ricinus, 1 scapularis. 1. pacificus and 1 
persulcatus). The clinical signs asseciated with the acute 
disease include fever, slifnessswollen joints, lethargy. 
anemia, decreased milk production, erythematous rash 
chronic weight loss, lameness and spontaneous abortions 
(Post etal. 1988; Parker and White 1992: Wells etal. 1993) 
‘burgdorferi persist in the nature within an enzootic cycle 
involving ticks and mammals and the geographical area can 
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‘Table 1: Main dagnoss esto  burgdonfer 
Diagiosis ist Reterence 

TWniicavon af he near Giensa-stanedBiood sacs Maton an TREKS TO 
Polymerase chin eation (PCR) ebech 2002 


Dak field immunofluorescenceticroscapy 
ucterial calture 


Seroogial Indiect Quorescent antibody 


Witenteink et 1994 
Zhi ta 1999 
Parker and White 1992: Burgess eal. 1993, 


Antibody capture enyin inked inumunosorbent assay (ELISA) Burges et al 1993 
Seeesyping using monoclonal aibodies against OxpA and OspC Washer eta. 2012 


censure poten 


‘abe 2s Occurrence of Bovine ties in wopios 


al se es —_—__ — 
se ee er orn 
T. Weller ‘seins, ansrsomuna species, Wester, Eastern, Mik iscase ‘Kiara ea. 2018, 
‘Benign bovine ”  Centeal and Southern 
a 


lonsicorns) 


‘weakness, and dean eteme cases. Marry ta 2020, 


‘he affected by climatic factors and host density. The lifecycle 
(of B.burgdorefis complex and takes? to 6 years depending 
‘on the ik species. It begins when an infected tick feds on 
its host releasing saliva or coxalseeretions on the biting site 
The ceria need 48 h of tick attachment before enters the 
hhost and its transmission begins depending on the Borrelia 
specie (Germ 2009), 

The recommended diagnosis test in cate is a smear of 
peripheral blood, stained by Giemsa, nevertheless, a high 
‘number of spirochetes are required for proper diagnosis 
‘(Matton and Melckebeke 1990). Several ether diagnostic test 
for B, burgdorferi hs been enlisted in Table L 

For treatment of cattle borreliosis, the recommended 
antibiotics include oxytetracyeline and procaine penicillin. 
Oxytetracyeline is commonly used for human borreliosis 
and is effective for treatment of hovine borreliosis, 
although with limited success, in treating a Bovine Lyme 
Borreliosis (Matton and Melckeeke 1990). Even though 
in $ days of treatment a significant improvement is 
fobserved, it ix important to Finish the treatment for the 
clearance of spirochaetes from the blond circulation (Post 
tal 1988), 


d. Theileria spp 


‘Thelleriosis is a tick borne hemoparastosis caused by the 
family Theileridae (order Pireplasmida, genus Theileria) 
which parasiize wild and domestic animals where the 
appropriate tick vectors are found (Bishop etal. 2004: Kiara 
etal 2018), 

‘Theilerioss isan economically important disease and range 
from mild (inapparent reactions) to fatal, therelore some 
species that infec cattle are relatively benign (asymptomatic) 
Whereas vihers as Theleiria (T.) parva and 7. anulata are 
responsible for a severe illness (Vilenberg 1981; Irvin and 
“Morrison 1987; Mans eta. 2015: Lawrence and Mans 2017) 
[rican batfalo represent an important wildlife reservoir for 
fate infection (Young et al. 1978). The pathological 
Significance along with tick vector and geographical 
dlistbution of various species infecting cattle has’ been 
illustrated in Table 2 

‘Theileria lite cycle involve intracellular stages in the vectors 
fand the host. The protozoan infects and develop in the 
leukoeytes (schizont) or rythrecytes (piroplasm) depending 
fn the species (All e al. 2017): T. parva infect T and B. 
lymphocytes, while 7: annulata infect monocytes, dendritic 
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cells and B-lymphocytes (Baldwin etal. 1988; Spooner eta 
1989: Stephens and Howard 2002), 

Infected tick feeding secretes sporozaites (infective form) 
from salivary glands into bovine blood infecting leukocytes 
fand-muliply inside them by merogony. "The schizont 
‘associates with the mitotic spindle during cell division 
therefore, the parasites are able to divide synchronously with 
the bovine cells, It ensure infection remains in daughter cells, 
facilitating malplication and diferentiation to merczcites 
‘which are reletsed and invade erythrocytes forming 
piroplasms (Hulliger etal 1964: Dobbelaere etal. 2003: Van 
tal. 2010; Torna et al. 2020). ln susceptible bovine, infection 
‘usally results in deh within 3 to 4 weeks approximately. 
‘The immune response of the host acts against extracellular 
stages (sporozoites or merozoites), the antigen of the 
rmacroschizonts and piroplasic stages on the surface of the 
invaded cells (Seifert 1996), 

Treatment for the prevention and conteol of infection in the 
initial stage includes the ant-protezoal Buparvaquone, wich 
is considered as an effective drug against thelerioss 
However, even alter preventive treatments of theilleriois, the 
disease still represent a seriou threat to livestock. Curent. 
low-pathogeniity parasites derived from infected cells in 
vitro ure used as vaccines in many countries (Lixet al. 2022). 


e. Trypanosoma spp 


Trypanosomosis is caused by a hemoprotozoan parasite 
Tinpanosoma, which affects domestic, Wild animals, and 
‘humans across the world. In Africa. Asia and South America, 
Trypanosoma (I) vivas, T. congolense, 7. evansi, T 
‘equiperduon, T. crush and Theiler epresent a potential isk 
fora eatle population of more than SOD million Jones et al. 
2001 Oséio etal 2088; Van den Bossche etal 2010: Gelaye 
etal, 2020), In bovine typanosomosis, 7. viva is the most 
pathogenic and important agent infecting eatle (Jones etal 
2001). However. the specie that causes American 
Trypanosomosisin humans is 7 eri, and it hs been found 
in many wild (rodents, hats and marsupials) and domestic 
animals suchas dogs and pigs (Ramsey et al. 2012), 

The transmissicn of Trypanosoma spp. from Vector occurs 
cither through stercorarian (infective stage developed in the 
digestive tbe) or salivarian route (infective stage developed 
in salivary glands) (Haag etal. 1998). In this gard, parasites 
are usually transmitted hy tsetse fies (in Aftica) and 
‘mechanically by other blood-sucking arthropods, such as, 
‘Haematobia iretans, Stomoys ealetrans, al Tabanus 3p. 
(Osérioet al. 2008). Additionally. although less commen. the 
Trypanosoma spp. is also transmitted by ticks, including: 
Rhipicephalus microplus, Ixodes ricinus, Hyalomma 
‘anatolicum, and Amblyomma cajennense (Latif etal. 2004: 
Krige etal. 2019: Zeb et al. 2019: Luu etal. 2020), 

In Latin America, the infection is preseat in 10 out 13 
countries of South America Jones et al. 2001; Dagnachew et 
al, 2015). Molecular characterization of Trypanosoma 
prarsites corroborates the West Alican crigin of South 


American isolates, which were possibly introduced by cattle 
imported trom Africa atthe endothe ith century, however 
8 genetic distance separsted these parasites from the East 
‘rican isolate (Hill et al. 2005). Additionally, morphometric 
Studies suggest a difference in the surface antigens diversity 
tnd ts inability to infect and grow in tsetse Mies between the 
‘American Trypanosoma spp. and the African parasite 
through DNA’ labeling, and biochemical analysis of 
isoenzymes (Haag etal. 1998: Jones, 2001). 

‘The severity and symptomatology ofthe infection depend on 
the host and the Trypanosome spp. Thus, the presence of a 
parasite in the blood results in anemia, causing progressive 
Weight loss, anorexia, detrimental effects on ferility 
reproduction, and economic losses in milky and meat 


production in infected bovines (Holmes et al. 2000) 
Hematological alterations observed in natural and 
‘experimental infections include the simultaneous 


development of leukopenia, lymphopenia, and neutropenia = 
well as variation in the concentration of total serum proteins. 
(Currently. we know that bovine trypanosomiasis prevalence 
is related to host factors such as age, sex, breed, purpose, and 
abiotic factors such as management system population 
density, extension of exploitaion, presence and contol of 
vectors, geographic regions, agroccological zones, climatic 
season and application of typanocidal treatments (Holmes ct 
al. 2000). In this regard. Anti-Trypunosoma drugs wil 
feminue to play a significant role in the bovine 
lypancsomosis integrated control, However, the 
inappropriate use ofthese chemical compounds results in the 
development of resstarce, which represents continuous 
threat to their sustainable use (Miruk etal. 2008). Finally, the 
advance in elucidating the mechanism invalved inthe 
Pathogenic differences, drug resistance, and genetic 
‘composition could be an approach to diagnosis and control 
(Dagnachew etal. 2015; Gelaye etal 2020), 


Epidemiology of Most Common Hemoparasites Co- 
infections in Bovines 


Recently, vectr-bome diseases have shown anew 
[geographic distribution worldwide. Many of these diseases 
ae caused by hemoparasites. The cttical point of this 
tlistrbution relies on several conditions, including vector’ 
‘elaptation to new climatic conditions aod the migration and 
transportation of vectors and elle, respectively. Therefore, 
the diseases and sick animals have hegun to appear in 
{geographical regions never reported before (Shope 1991 
Gray et al, 2009 Chiver-Larrea etal. 2021), Aecording to 3 
stud Babesia spp. was reported in cattle in Quito, Ecuador 
at an altitude of 2469 meters above the sea level (mas), 
which i the highest altitude reported for babesiosis and the 
vector R microplus (Chiver-Larrea etal. 2021) 

‘The hemoparasites that affect red blood cells of bovines 
mainly belong to the genus Anaplasma spp. Babesia spp. 
and Theleria spp.s however, some other microorganisms 
have been deveribed too, including species of genus 
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Ehrlichia, Trypanosoma, Setaria, and Mycoplasma 
(Kamyinghird tal. 2020, Ngasaman etal, 2021). Ameng the 
‘most representative species of each genus are: (bacteria) 
Anaplasma marginale; Ehrlichia ruminantiun, — E. 
‘minasensis; (protczoan) Babesia bovis, B. bigemina, B. 
divergens, B. major, B. jakimovi, B. ovata, B. ocultans: 
Theileria orientalis complex (T- mutans, T.bufeli, and T. 
sergenti), T-annulata, 7: parva, T- orientalis, T-tanrotagi, 
T.velifera: Trypanosoma evansi: raycoplasmas) Candidatus 
Aiycoplasma haemobos and M. wenvonti (Niethammer ct al 
2018: ELDakhly etal 2020; Agina etal, 2021). 

‘Age of the animal may be an associated risk factor regarding 
the clinical or subclinical presentation of disease. as adult 
cattle present serious clinical illness of bovine anaplasmosis 
as compare to calves (Kocan eta. 2003), 

In many eases, only one typeof hemoparasit is found in sick 
animals; however, in other eases, the animals are diagnosed 
‘with more thin one hemoparasite, which exacerbates the 
clinical signs and, the health deteriorates rapidly (Tembo et 
al 2018). Some of the most impeetantco-infeetions reported. 
‘worldwide in the years 2017-2022 are shown in Fig. 2. Table 
3 shows a broader view ofthe prevalence of hemoparasites in 
tattle in recent years. 


Many recent prevalence studies are based on PCR testing to 
detect the pathogenic DNA in the sample (Rodriguez etal 
20419; Mans et al. 2015). Unfortunately, several reports are 
‘hased on opportunity. incidental finding or searching for 
specific palhogens and are not representative of the real 
prevalence of country. There is & lack of comprehensive 
cpidemiological studies worldwide to know the slatus of 
Inemoparaste co-infections that are causing serious health 
problems and thus allecting eatle production (Cordero eta 
2018: Caviechiol et al. 2019; EL-Daklly et al. 2020: Chavez” 
Larrea etal. 2021), 


Diagnosis, Treatment and Control of Hemoparasite 
Coinfections in Bovines 


‘The diagnosis of hemoparastic infection is usually made on 
the basis of clinical signs but it give false negative results due 
to several factors such a lac of information on the clinical 
history. unspecifiity of the clinical signs and non-declared 
‘management practices of treatment. So laboratory tests are 
always needed to support the presumptive diagnosis. The 
‘most common. easy and inexpensive is observation of stained 
blood-smears with an optical microscopy using Giemsa 
staining (Al-Hosary et al. 2015). however, it may be more 
‘useful during the acute phase of disease when there isa high 
amount of circulating hemoparastes. Ia addition, microscopy 
allows to obtain mere information about the general slate of 
blood cells such as is shape, size and ratio of RECs and 
WACS which can help to confirm or discard a diagnosis. 
However. it requires an experienced mierascopist to clearly 
identify the pathogens and species present in the slides 
(Mosqueda et a. 2012) 
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Serological tess (Complement fitation test, ELISA and its 
variants, IPA and immunochromatographic strips) are fst 
tnd effective for detection of antibodies in a herd, but i ill 
be detected after the start of an immune response (Torioni de 
Echaide etal. 1998; Mosqueda etal. 2012: Vieira etal. 2017; 
‘Tayebwa et al. 2018; El-Sayed etal. 2019; Trina etal. 2020: 
Salinas-Esrlla et al, 2022a). Hence, false negative results 
ae the risk at the beginning of infection, whereas false 
Positive results may present when thre are cross-reactions of 
antibodies with its ste of recognition (Rodriguez et a. 2008; 
Esteve-Gasent etal. 2020) 

“Molecular tests base on PCR or its variants are very useful 
in low parasitemia cases and facilitates sequencing. and 
identification of pathogen species. Duplex or multiplex PCR 
‘or gPCR, and RLBH are examples of molecular tests that 
allows diagnosis of coinfections simultancously which is 
ideal in those places where confections are a great problem 
(Ananyutthawongese eta 1999; Decaro et al. 2008; Bilzig 
tal 2013; Paoletta etal. 2018), 

Pathogens represent a major threat to cattle and one of the 
main constraints for the improvement of the livestock 
industry. Therefore, having a better control of diseases 
transmilted by cattle ticks and ether vectors would greatly 
‘contribute toimprove meat and milk production Uohansson et 
a, 2020), Development of resistance to acaricides and 
ntbiotics leads 10 requirement of more sustainable and 
Feliale measures for cantzol of vector-borne diseases. For 
instance, wildlife management, alteative husbandey 
Practices or a combination of siraegic tick control and 
‘vaccination and preventive serological testing must be a part 
of production practices to complement the management (Jia et 
al. 2020; Johansson et al. 2020; Salinas-Esrella etal, 20226). 


Conclusion 


Hemoparasites such a protozoan parasites (Babesia, Teillevia 
‘and Trypanosoma species) and itracellular-obligate bacteria 
(Anaplasma and Borrelia species) are some ofthe pathogens 
transmited by arthropods. which have limited the production 
ff livestock in tropical regions, since their climatic 
characteristics provide ecological niches, which are 
auspicious to the development of vectors (ticks and Tsetse 
fly).The economic losses cause by these diseases are mainly 
‘duc to calle deat, drop of production, cast of treatment 
preventive measures and vector contro Lack of commercial 
‘aecination represents a serious problem in places with ahigh 
incidence. Antibiotic resistance in humans is a problem 
‘occurring worldwide and is still en the path of eantral. In this 
‘nse indiscriminate use of antbictics i animals coneibutes 
to the problem, but treatment of bovine infectious diseases 
relies on a few pharmacological compounds. In addition, 
there is luck of comprehensive epidemiological studies 
worldwide to know the exact status of hemoparasite co- 
infostions that are causing serous health problems and thus 
affecting cattle production, Use of diagnostic tests area great 


Unique Scientific Publishers 


Hamoparadies Co.infections 


‘Table 3 Represcuive cases of prevalence of emopurasiesdissbuted wolduide 


Disewe ‘Species Prevalence Method Tomy References 
‘Amaplamsis Ar mirginule Nested PCR Pakistan (Bisen etal. 2021) 
PcR Thailand uns et. 2020) 
Semi-nesed PCR Bolivia (Ogataet al 2021) 
(Quantitative PCR Cuba (DiarSincher etal 
2000) 
(650205 ELISA Egypt (Solimet al. 2021) 
‘ELISA Baal (Ramos etal 2020) 
(Quantative PCR Russia (Fedorin etal. 2019) 
Batesiois uabesa spp Per Fowdor (ChiverLirrea ot al 
20!) 
B digenina Por Egypt (ELDakhly etal 2020) 
B bonis Per Mongolia (Oigonsuren et al 2020) 
2 bigemina 
Bdergent Indice Lnmunofiuarescence Germany (Springer etal 2020) 
bonis Mutiplex PCR ran (Rajat 2017) 
4H bigenina 
bonis FLSA Indonesia, (Guswano eta 2017) 
2B bigemina 
Babes pp. Per Bolivia (Outset al 2021) 
Treieionis T-onmalata Por India (Selimet al. 20216) 
Feorennais, Per (Ching (Wang etal 2018) 
Theiler sp. Por Malaysia (Agina etal. 2021) 
Rae 
T pare os179 ELISA, (Cameroon (Slats et, 2020) 
DI 
Fane ani. 
T velera PCRReverse Line Blt (RLB) Ethiopia (Hulerasiam tal 2017) 
F maane 
Teonlentalis 
Toypanasomiasis Trypanosoma evans PcR Malaysia (Agina tal. 2021) 
Trypanasoma (Duell) svar Per Baril (Vieiza etal 2017) 
7 vias Por ‘Venezuela (Elizalde etal. 2021) 
Enulichione Etichia ruminant Semi-nested PCR Cameroon (Esemu etl. 2018) 
helichia. ruminant PCRReverseLine Blt (RLB) Ethiopia (Hsilemasiam etal 2017) 
Eminent, 
Hemoplasmesis —Hemoplasmas Por panda (Byamukama eal. 2020) 
©. Mycoplasma haenobos and 32.2% 
‘Mycopasia wens 
CM haces Per Japan (Tusukawa etal. 2021) 
M. weno 
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AE cabo Germany a SORT 

weno 

CAL haemo Mexico (Quitwe-Castatedn et al 
2019) 

M. weno 
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Fig. 2: Workwide distribution of representative co 
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(Visi tal. 2017; Niethammer etal. 2018; Paoleta et al. 2018; Tayebwa et al 2018; Quior-Castateda et al. 2019: Paguem otal. 2019: 


(Quiz Henke et a 2020; Aina et al 2021; Nesuman tal 2021) 


tool for surveillance and! prevention of outhreaks, 
‘contributing to avoid or at least control negative elfects of 
dliseases, Therefore, it is of great importance to characterize 
infectious diseases of bovines in the topics and promote 
control strategies in order to mitigate the impact of those 
tdseases om bovine production around the world. 
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INTRODUCTION 


Amebiasis is an infection caused by the parasite Entamoeba 
(E) histolsica, which is tansmitted through contaminated 
food or water. Ingesting the parasite can lead to infection in 
the digestive tract. The parasite can also spread from person 
to person through contact with fecal matter. ether directly or 
through contaminated objects (Kucik et al. 2004), People 
‘who have poor hygiene practices, those who live in areas with 
poor sanitation and those who travel to areas where amebiasis 
4s common are ata higher risk of infection. There are two 
‘main types of amchiasis. Fist is Intestinal amebiasis which 
is the most common form of amebiasis and is characterized 
‘oy symptoms such as diaerhes, abdominal pain, and weight 
los. Second type is Extaintestinal amebiasis (Nasrallah et 
al. 2022), This occurs when the parasite spreads from the 
intestine 1o other pats of the body, such as the liver, lungs, 
fr brain. It can cause symptoms such as fever. weight los, 
and pain in the affected area I's important to note that some 
individuals may be infected with the parasite but show no 
symptoms, making it possible to spread the infection to others 
‘without realizing it (Kantor etal, 2018). 


‘Transmission 


‘The most common mode of transmission for amebiasis is 
through the consumption of contaminated food or water. 
‘This is because the parasite can survive for several days 
futside of the human body, allowing it to persist in 
contaminated sources (Zulfigar etal. 2018). Contaminated 


sources of food or water can include untreated water sources, 
such a lakes or rivers, as well as food been handled by 
infected individuals without proper band washing 
(Uyttendacle et al. 2015). This ean include raw fruits and 
vegetables that have not been properly washed or cooked 
meat that has not been fully cooked, In addition to food and 
water, amebiasis ean also be transmitted through person-to- 
person contact (Agbalaka et al. 2018). This can occur 
through the direct exchange of fecal mater, suchas through 
sexual contact, or through indirect” contact with 
contaminated objects or surfaces. For example, an infected 
individual who does not wash their hands after using the 
bathroom can spread the parasite to others by touching 
contaminated surfaces oe objects (Dayaram et al. 2021), 
People who are at higher risk for amass include those 
‘wh live in areas with poor sanitation, those who travel 10 
areas where the infection is more common. and those who 
have weakened immune systems. This includes individuals 
With HIV/AIDS, those undergoing chemotherapy. and 
individuals who have undergone organ transplantation. 
‘Additionally. people who have poor hygiene practices, such 
‘snot washing their hands regularly, are also ata higher risk 
of infection (Chappuis etal. 2008), 


Epidemiology 


‘The prevalence studies on human amoebiasis suggest thatthe 
disease is prevalent and endemic in developing countries 
including South America, Asia, and Africa. Itis commonly 
found in those areas where nutrition, water quality and 
hygiene status are very poor (Ali etal 2008; Ximénez et al 
2008), The worldwide molecular prevalence of the disease is 
‘estimisted up to 3.6% (Cu etal. 2019), However, the highest 
seroprevalence noted in Pakistan was 73% having more 
infection in these individuals admitted inthe hospitals (Sammie 
etal, 2020), Table | enlist various waterborne outbreaks of 
mochiass occured in different regions of world. 


fe cycle 


“The life cycle of the parasite responsible for amebiasis, E 
Jistostica, is relatively simple and involves three main 
stages: the eyst stage. the trophozoite stage, and the infective 
stage (Guillén 2023), 

1 Cyst Stage: This stage is characterized by the formation 
‘of protective cysts that encapsulate the parasite and help it 
survive in the environment. The cysts are spherical structures 
‘with a tough outer layer that protects the parsite fom harsh 
‘environmental conditions, such as changes in temperature, 
pH. and desiccation, 
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“Amoabiasis in One Health Perspective 


“ble 1: Oubveaks of human amoebiasis in vaio epons of the wold 


County Cases Suspected soues Terence 
Us, Chicago 1307 Teaked sewage Which contanaod the Wale pipes DOs ‘Maskell 1 
ly a (Contaminated ie cream und rv fru consumption De Lallact al 1992 
Taiwan (China) 730 Contaminated underground wae supply ‘Kow-Tang et al. 2001 
Taiwan China) 140 Traveling to endemie seas Lateral 2000 
Georgia 7 Contaminated municipal water ‘Barwick etal. 2002 
Japa i Abe tal 1999 
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Fig 1: Life eyele of E hile in bunans (Hategekinuna et 2016), 


2. Traphoroite Stage: The eysts are ingested by a host and 
then release the trophaoites, which are the actively 
growing and reproducing stage of the parasite 
3. The trophoenites invade the intestinal wall and cause 
tissue damage, leading to symptoms such as abdominal pain 
lara, and Bloody stols. In severe cases, the parasite can 
invade the liver and cause liver abscesses( Assaf et al, 2006). 
4. Infecive Stage: The trophozoites can then 
encapsulate themselves into eysts, which are then excreted 
from the host in the feces, These excreted cysts ca infect 
‘new hosts when they are ingested, completing the lifecycle 
fof the parasite (Mertelmans et al. 1997). Fig. illustrate the 
dillerent stages of E.histolyrica life eye 


Clinical Signs 


Clinically, amoebiasis is of 2 types i. intestinal, and extra- 
intestinal amoebiasis. In majority of the infetion (almost 
‘0 parasite colonizes in the large intestine of hos leading 
toasymptomatic intestinal amoebiasis, while in thers (10%) 
parasite may cross the intestinal barrier leading to amoebic 
abscesses and amechi eolits (Kantor et al. 2018). 

In asymptomatic infections, parasite colonizes inthe colon, 
feeds on the commensal organisms and take mutient from the 
thos leading to the development of yt that passes through 
the faeces and locate new host to continue its life cycle 


(Carrero et al, 2020), Incase of pathogenic E hstolstca, the 
trophozoite form of parasite may become invasive in nature 
and start to destroy the intestinal epithelium which provokes 
the inflammatory process ultimately leading to amoebic 
colitis (Nagaraja and Ankri 2019), "The symptoms of 
amebiasis can range from mild to severe and can include 
tahdominal pain, diarrhea and bloody stools. In mare severe 
feiss, the parasite can invade the liver, causing liver 
abscesses, which can be life-threatening if left untreated (Li 
etal. 2021), 


Diagnosis 


Early diagnosis and treatment of amebiasis is important 1 
prevent the progression ofthe infection and minimize the risk 
‘of complications. In this note, we will discuss the various 
methods of diagnosing amebiasis (Shirley and Moonah 
2016), 

‘The first step in diagnosing amebiasis isto take a thorough 
rdicalhistry and performs physical examination. During 
this examination, the healthcare provider will ask abot 
symptoms such as diarrhea, abdominal pain and weight lss 
‘which are commonly associated wit the infection, They may 
also ask about recent travel to areas where amehiass is more 
‘common, a5 well as any risk factrs fr th infection. The most 
‘common diggnostic test for amebiasis is a stool sample 
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analysis, This test involves collecting a sample of stool and 
‘xamining it for the presence of the parasite. This testis 
Simple, non-invasive, aad is often used! athe first line of 
dliagnosis for amebiasis, The healthcare provider may also 
perform rectal swvah tes. which involves collecting a sample 
‘ofthe sto! from therecum (Tanyuksel and Petre 2003), 


Tests for Amebiasis 


In addition to stool sample analysis, other diagnostic tests that 
‘may be used to diagnose amebiasis include I- Blood tests 
‘This can help detect antibodies prodced by the body in 
response tthe parasite. This testis particularly wseul in 
sliagnosing extraintestinal amebiasis, which occurs when the 
parasite spreads to other parts of the bedy. 2- Imaging tests 
This may include an X-ray, CT sean, or MRL. which ean help 
detect the presence ofthe parasite in ether pats ofthe boy. 
such as the liver or lungs. 3 Endoscopy: This procedure 
involves inserting a exible tube witha camera atiched into 
the digestive tract in order to examine the intestinal lining. 
‘This test can help diagnose the presence of the parasite inthe 
intestines and can also be used to obtain «simple for further 
testing. Once the diagnosis of amebiasis has been confirmed, 
the healthcare provider will discuss the appropriate treatment 
‘options ith the patient. Treatment options may include 
medication, such as metronidazole or tinidazole, which are 
fective in eliminating the parasite. In severe cases, surgical 
intervention may be necessary to remove the infected tissue 
(Haque etal, 2003) 


Molecular Detection 


Molecular detection methods are increasingly being used to 
diagnose amebiasis due to their high sensitivity and 
specificity compared t traditional diagnostic methods. Some 
‘ofthe most commonly used molecular detection methods for 
amebiasis include: 

Polymerase Chain Reaction (PCR): PCR is powerful 
tcchnique that allows forthe detection and amplification of 
specific DNA sequences, In the case of amchissis, PCR can 
be used to detect the presence of the parasites DNA i stool 
samples, providing a highly sensitive and specific diagnosis 
‘of the infection (Li etal 2021, 

2 Loop-Mediated Isothermal Amplification (LAMP): 
LAMP is a rapid, low-cost, and highly specific molecular 
detection method that is particularly useful forthe detection 
‘of parasitic infections in esource-limited stings. LAMP ca 
be used to detec the DNA of E. histolytica in stool samples, 
providing a rapid and accurate diagnosis of amebiasis (Uddin 
etal 2021), 

45.” Real-Time PCR: Real-time PCR is a variation of PCR. 
that allows for the simultaneous amplification and detection 
‘of DNA in real-time. This technique is highly sensitive and 
specific and can be used to detect the presence of the 
fraite's DNA in steol samples, providing a rapid and 
accurate diagnsis of amebiasis (Li etal 2021). 


‘One Health Wiad 


4. Micrwrray: Microarray i «high-throughput molecular 
‘detection method that allows for te simultaneous analysis of 
multiple DNA sequences. Inthe case of amchisss, 
microarray can be used to detect the presence of specific 
genetic markers associated with the parasite, providing 
highly sensitive and specific diagnosis of the infection 
(Nagaraja and Ankri 2019) 

Its important to note that molecular detection methods are 
not always readily available, particularly in esource-limited 
settings, Additionally. these methods may not be as 
accessible as traditional diagnostic methods, sich as stool 
Iicroscopy or antigen detection tess. Nevertheless, 
molecular” detection methods have the potential to 
revolutionize the diagnosis and treatment of amebiasis and 
ther parasitic infections, providing a rapid, accurae, and 
feot-effective means off detecting and managing these 
infections (Nagaraja and Ankri 2019). 


‘Treatment 


Early detection and treatment of amebiasis is crucial to 
prevent the progression ofthe infection and minimize the tsk 
‘of complicaticas, Diagnosis of amebiasis is often delayed due 
to the lack of noticeable symptoms inthe early stages of the 
infection. The symptoms of amebiasis can be similar to those 
of other digestive tract infections, such as dysentery. and 
therefore a correct diagnosis is often not made until the 
‘eonliton has advanced. In some cases, amebiasis can cause 
serious complications, such as liver abscesses or perforations 
in the intestine, which can be life-threatening if not treated 
prompuly. Early treatment of amebiasis is also important 10 
Prevent the spread of the infection to others. The parasite that 
‘causes amebiasis is highly contagious and is spread through 
contaminated food, water. and surfaces. In addition, 
individuals who have been infected with amebiasis area risk 
fof re-infection, especially if they do not practice good 
hygiene habits and follow proper food and water safety 
practices. Early detection and treatment of amebiasis ts also 
‘important to minimize the impact on a persons quality of lie 
Individuals who have been infected with amebiasis may 
‘experience a range of symptoms, including diame, 
thlominal pain, and weight loss, which can be distressing 
and can significantly affect person's daily lie. Early 
treatment can help to alleviate these symptoms and minimize 
the impact on a person's quality of life. In conclusion, early 
detection and treatment of amebiasis is crucial in order to 
prevent the progression ofthe infection and minimize the risk 
‘of complications. By working with a healtheare provider and 
following proper hygiene practices, individeals can reduce 
their risk of infection and ensure prompt and effective 
treatment if necessary. Early detection and treatment can also 
help to minimize the impact om a persons quality of life and 
prevent the spread of the infection to others, By 
Understanding the importance of carly detection and 
treatment, individuals can take steps to ensure their healt 
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and well-being. and prevent the spread of amebiasis in their 
‘communities (Monta et al. 2020), 


Home Remedies for Amebiasis 


Amebiasis is an infection caused bythe parasite , histolytica 
‘and is most commonly found in developing counties with 
oor sanitation conditions. While it is important to seck 
‘medical treatment for amebiasis, there are also several home 
remedies thal can help to alleviate the symptoms and specd 
‘up the recovery process. 

Garlic: Gari has antimicrobial properties that can help 
Jil he parasite causing amebiasis. Crust 2-3 cloves of garlic 
and mix with a plas of water, Drink this misture 2-3 times 
clay. 

2.” Ginger: Ginger has ant-inflammatory and antiparasitic 
‘Properties, making it effective in eating amebiasis. Simply 
[Add 1-2 inches of fresh ginger toa cup of boiling water and lt 
it steep for 10 minutes. Drink this ea 2-3 times a day 

3. Aloe Vera: Aloe vera has antimicrobial and anti- 
inflammatory properties, making ita effective home remedy 
for amchiass. Mix 1 tablespoon of aloe vera juice with 1 
lass of water und drink 2-3 times a day 

44. Turmeric: Turmeric has antimicrobial properties tha can 
help kll the parasite causing amebiasis. Mix teaspoon of 
turmeric witha glass of warm milk and drink twice a day. 

‘5. Papaya: Papaya contains an enzyme called papain that 
helps brake down proteins and has been fund to be elfctive 
in treating amebiasis. Eat 1-2 slices of ripe papaya daily. or 
take papaya supplements as directed by a healthcare 
professional 

6. Your: Yogurt contains beneficial bacteria that can help, 
restore the halanee of bacteria in de gut and prevent the 
‘growth of the parasite causing amebiasis. Fat plain, 
unsweetened yogurt daly 

{7 Pennel sees: Fennel seeds have antimicrobial and anti- 
inflammatory properties, making them elfective in treating 
amebiasis. Drink fennel sed tea 2-3 times a day. Simply boil 
teaspoon of fennel seeds in a cup of water for 10 minutes, 
strain, and drink 

Lemon: Lemon is high in vitamin C, which has been 
shown to have antimicrobial properties. Mix | tablespoon of 
lemon juice with a glass of warm water and drink 2-3 times a 
lay: 

9.” Oregano: Oregano has antimicrobial properties that ca 
help kill the parsite causing amebiasis. Add 1-2 drops of 
‘oregano oil toa glass of water and drink 2-3 times a da. 

10. Pumpkin seeds: Pumpkin sceds are high in zine, which 
thas been shown to have antimicrobial properties. Eat a 
-hanlul of pumpkin seeds daily or ad them to your diet in 
the form of pumpkin sced oil or pumpkin seed supplements, 

leis important to note that these Home remedies should not be 
‘used a8 a substitute for medical treatment, but rather as a 
‘complementary therapy to hep alleviate symptoms and speed 
‘up the recovery process. If patient is experiencing symptoms 


‘of amebiasis itis important seek medical treatment as soon 
1s possible (Mishra 2020; Passos et al. 2021), 


Preventive Measures 


‘There are several prevention measures that can be taken to 
reduce the transmission of amebiasis. These include: 

1 Proper hand washing: Regular hand washing with soap 
and water is essential in reducing the spread ofthe parasite 
‘This is particularly important alter using the bathroom and 
before handling food, 

2. Safe foe and water practices: This includes avoiding 
contaminated food and water sources, as well as properly 
‘washing fruits and vegetables and cooking meat to the 
appropriate temperature 

3.) Safe sexual practices: This inchudes avoiding sexual 
‘contact with infected individuals and usin protection during 
sexual activity 

4 Improved sanitation: Improving sanitation in areas with 
a high incidence of amebiasis can help educe the spread of 
the parasite. This can include measures such as proper 
slsposal of human waste, providing access toclean water, and 
increasing awareness about the importance of bysiene 
practices. 

5. Vaccinations: Currently. there is no vaccine for 
amebiasis, but research is ongoing to develop a vaccine that 
‘en prevent the infection (Li et al. 2021), 


Conclusion 


Amebiasis is serious infection that requires prompt medical 
treatment. With proper treatment, the infection can be 
cllectively treated and prevented ffom spreading to others. 
However itis important to sek early detection and treatment 
to minimize the risk of complications and prevent the 
recurrence ofthe infection, 
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INTRODUCTION 


Rift Valley Fever (RVE) isan acute vial infection whichis 
spread by arthropods mainly mosquitoes. The disease is of 
‘Zoonotic importance asi ca spread in domestic animals 3¢ 
‘well asin humans (Sissokn et al 2009). The RVF virus can 
also spread through the direct contact with the infected 
‘organisms, but i is very rare that this virus spread directly 
from humans tohumans (Seufi and Galal 010). Itcan spread 
through exposure from tissues of infected animals, body 
fluids and viremic blood or by biting of the mosquitoes 
(Hassan et al. 2011). Signs and symptoms include fever, 
‘muscle aches, headaches loss of vision, liver problems and 
‘encephalitis and may also cause abortions in females, People 
‘who work with butchers, deals with the raw meat having rift 
valley fever or infection have & greater chance to get the 
infection and the people who sleep outdoor or spend the 
nighttime outside their homes are more exposed to the 
‘mesuitoes which may be infected with RVF virus, so more 
chance to cause infection. Lab workers, farmers, herdsmen, 
abattoir workers and veterinarians ae also at ssk (Hassan et 
Al 2011, Seufi and Gala 2010), tis considered among the 
‘transboundary animal diseases (Sindato etal. 2011), litally. 
‘twas only present in Africa, but now ithas spread to most of 
the world (Bell etal 2018, Himeidan et al. 2014). 


History and Background 


[RVEV was frst observed in rift yale in Kenya in 1930 from 
sheep and then spread to other regions ofthe world through 


animal movement from ene place to another place (Bashir 
and Hassan 2019, Hassan et al. 2011) like African countries 
Republic of Comores, Arabian Peninsula, Madagascar. Saudi 
“Arabia, Yemen, Feypt (Sissoko etal 2009) In the ft valley 
rnumerous newhorn deaths of lambs and abortion in pregnant 
sheep was happened in 1920, High mortalities of sheep on the 
farm occurred that led to its investigation, Blood frm the il 
lamb was taken and to check for bacterial or viral infection, 

it pasced through a porcelain filter and was then inoculsed in 
the healthy lamb the same clinical signs and symptoms were 
observed. Investigators came to the point that ubreak 
‘occurred during high mosquito activity, so to confirm this, 
they isolated the healthy” sheep at high alttude under 
mosquito nets. This approach confirmed the mosquito 
involvement in the disease transmission that was later 
‘eanfrmed by the isolation of RVFV from different species of 
rmoxguitoes involving Aedes and Culex (Weight etal. 2019), 


Importance 
Host Spectrum 


‘The susceptibility of host depends upon age and species 
(Sindato et al. 2011), The major amplifying hosts of RVFV 
include cat, sheep. and goat, although it causes disease in 
many other species, including buffaloes, camels, and many 
‘mammals (Borrego eal 2016). Humans are dead-end RVEV 
hosts (Borrego etal. 2016, Bird et al, 2009), 


Epidemiology 


‘The severe epidemics occurred due to climatic conditions 
including huge greenery and floods (Kewasnik etal. 2021) 
Frequently, epidemics have occurred in Alrica and other 
‘countries. Major epizootics of RVFV occurred in many 
‘countries, including Africa and Asia (Kimani etal. 2016: 
Métras tal 2011), 


Mortalities 


RVF- infected patients havea greater risk of mortality in case 
‘of hemorrhagic fever. jaundice and neurologic disease 
(Atkins and Freiberg 2017). Naive communities reat greater 
risk of inducing large mortalities and morbidities (Gress 
Soyster and Labeatd 2020) 


Status of Virulence 


‘The major factors of virulence are vial NSs proteins that 
suppres the innit immune satus te ost (Bost al. 2011) 
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Ne Reon Tene year Dear barden Renae 
‘Rea and south ANiGH 1080-1051 1001 sce ad un aarions upto hal aon (Wight etal OT) 
Hommof Aiea 1961-1962 (Marin xa 2008) 
Hoof Afies 121088, (Marin eta 2008) 
Hom of Aries 1989) (Marin tal 2008) 
Horn of Aires 197-1998, (Marin et al 2008), 
Hornof Aires 2006-2007 (Marin tal 2008) 
Suan wr (tar eta 2008) 
South Attica 974-1975 110 human cases und 7 dats (Marin ta 2008) 
Egypt 1977-1979 20G040 hua cases and SR deaths (Wiehe eta. 2019) 
Matra 937 Considerale human cscs and 220 deaths ———(Wghtet al. 2019), 
Wert Aca 1987-1988 (Marin eta 2008) 

2: Eevee 093 (Marin tal 2008) 


Est frien 
Sau Arabia 
Kenya 
Somalia 
Tanai 
Sun 
Mayotte 
Madagascar 
Swaziland 
South Atica 


197-1998 


USSATIM lowes 


2008.2000.2010 


9090 human eases an 478 dats 
80 human cates and 123 deaths 
UUSSGGM losses, 64 cases and 155 dats 


50000 mortalities in vestock 
747 human cases and 230 deaths 


(Marin et al 2008, Weight eal. 2019) 
(Wight etal. 2019) 

(Marin ta 2008) 

(Cabeaul etal. 2010) 

(aes ta. 2010), 

(Cabeai tl. 2010, Baba ot al, 2016) 
{Cabeaa eta 2010), 

(Qabeaud eta 2010), 

(bead a. 2010), 

(Cabeaud eta 2010), 


Economic Effect 


VP poses severe economic effects and food insecurity 
(Bashir and Hassan 2019). It isa potential bioterrorism 
‘weapon. Due to deaths in livestock, losses in revenue 
‘generated, Quarantine procedures and disease burden on the 
animal cause less production of animal products, Morsover, 
‘continuous abortions in pregnant animals, result in the loss of 
progeny that induces financial burden (Grossi-Soyster and 
Labeaud 2020), lis greatly affects the agro industries and the 
‘worldwide trade (Maga etal. 2015; Peyre 2015), 


Zoonosis 


Most of the emerging infectious illnesses cause zoonosis. 
‘There is an increasingly high zoonosis in endemic areas 
(Seeta et al. 2020). eis declared as one ofthe threats by the 
US center for disease control, to the livestock industry 
(Seetah et al. 2020), Slaughterhouse workers, farmers 
herders and veterinarians are at greater risk of acquiring 
infection (Paweska 2014) 


Etiology 
Whole Family 


The etiological agent of rift valley fever tsa virus named as 
RVFV or arbovirus, family: bunyaviridae, genus 
phlebovirus (Plck and Boaloy 2005). RVFV is a single- 
stranded negative-sense, wiparte RNA virus. I can survive 
in both biotic and abiotic environment (Meegan and Bailey 
2019). 


‘Topographic Spread (genus, species) 


“The vector of the RVEV are the mosquito species belonging 
tothe genus Culex, Aedes and Manconi (Atkins and Freiberg 
2017, 


fe cycle 


Basically, the genome of RVEV consists of three segments 
‘These tree segments are termed as 8, Mand L segments and 
these segments are RNA segments. Among the three, L and 
M have negative polarity (Paweska 2014). These three 
segments encode different genes. § segment enceles genes 
N.NSs, M: Gn, Ge and NSm genes and the last segment L. 
‘encodes RNA polymerase L gene. The pH dependent RVEV 
‘irions bind primarily through endoeytie pathway to cellar 
receptors. After entry into the cell, unceating takes place and 
ribonucleocapsid principally comprised of genomic RNA 
segments and proteins, i released in eyoplasm. Within 40 
minutes ater viral infection, viral m RNA synthesis takes 
place by viral polymerase though transcription (Ikegami et 
al. 2008). After transcription, replication of viral RNA takes 
place within 1 to 2 hours then vial RNP and RNA segments 
packaging starts. Finally, RNP packaging leads to viral 
Yirions formation, “The surface of RVFV. virions is 
symmetrical icosshedral latice, Nucleaproteins have no 
pathogenic significance (Boshra eal. 2011), 


Animals 
Pantropic hemorshage and hepatic necrosis cause high 


mortalities in young. animals and abortion in_pregnant 
animals (Martin etal 2008), 


Unique Scientific Publishers 


Riff Volley Fever 


Sheep 


‘The incubation period ranges between 24-36 hours including 
listlessness, blondy diamthea and loss of appetite, Postmortem 
Findings reveal mild splenomegaly and liver necrosis of 
‘multifocal nature (Faburay et al. 2016). In acute cases sheep 
have 100% mortality rte 


Goat 


‘The pathogenesis of the disease is less severe in lambs ofthe 
same age. It does not result in febrile illness. In disease 
cemaition, necrotic hepatitis is followed by necrotic lesions 
tht is focal in nature adults (Weight etal 2019), 


cattle 


These are less susceptible as compared to goats and sheep. 
‘These develop an acute disease with a 0-S% mortality rate, 
hut calves haye 10% morality rate. Viraemia and liver 
pathology can be seen (Wilson etal 2016) 


camel 


Camels are less susceptible than others; this includes foot 
lesions, hemorrhages, and abortions during epidemics (El 
Mamy eta. 2011), 


Monkey 


African green monkeys acquire the neurological disease that 
is similar to humans (Wonderlch etl. 2018). 


Humans 


Commonly RVFV cause hepatitis, hemorrhagic 
‘complications, and encephalitis (Martin eta, 2008), 


Pathological Findings 
Hepatitis/hemorrhagic Disease 


Liver isthe organ which effets severely and bear burden of 
RVFV in almost all species, Hemorthagic disease and 
jaundice develop because of enlargement ofthe liver, which 
Is the major site of replication of RVFV. The level of liver 
cnzymes, including alanine transaminase and aspartate 
twansaminase, increases (McElroy and Nichol 2012) 
Platelet count and hemoglobin level decrease, that 
ultimately increase clotting time, Thrombosis, scleral 
feterus and delirium may also be present. There is a high 
fatality rte among hemorshagic fever patents (Ikegami and 
Makino 2011). 


In 210 5% of patients, ocular manifestations are observed, 
that develop within 3 weeks after the start of the symptoms 
(Al-Hazmi etal, 2005). I causes uveitis, retinal hemerthag, 
retinitis and blind spots (MeMillen and Hartman 2018). 


Neurologic Disease 


It includes encephalitis, hemiparesis, excessive salivation, 
vertigo, weakness, decerchrate posturing and pleocylosis 
(Ukegami and Makino 2011), 


Abortions/Miscarriage 


2006, there was a significant increase in abortion frequency 
tu moce in animals than humans (Bandin etal. 2016). 


Clinical Sign and Symptoms 
Humans 


In humans, diverse symptoms scale from headaches and 
photophobia to encephalitis and retinitis (Boshra etal. 201 
Flick and Bouloy 2005). The symptoms vary according to the 
severity to disease; likewise, the fu may be accompanied by 
nausea, headache, arthralgia, joint aching and myalgia. 
Moreover, dirthea. fever, eliguria oc anuria can also be seen 
Some patients may have the symptom like vomiting, loss of 
‘appetite, light sensitivity and stiffness of neck. Hemorrhagic 
for encephalitic disease conditions account fr less than 1% 
“Meningoencephalits state in humans develop within 1 10 4 
weeks after the onset of dhe disease, is clinical features 
include memory loss, headache, confusions, hallucinations 
‘vertigo, disorientation, lethargy, convulsions, and coma 
Aller 2 to 4 days of the illness, hemorbagic sign and 
symptoms appear that is evidenced by the bleeding from 
‘gum or note, of fom GIT, ccchymosis, petechite 
\enipunctue sites, purpura, er ménorshagia. In this ease. the 
fatality rate is upto 50%, Usually, death happens after 3 to 6 
‘lays of the symptoms. Further. in some patients, ocular 
lesions cause a severe form of disease. In this ease, scolomas 
and central vision loss were observed, which lead to 
blindness in ane or both eyes (Paweska 2014) 


Animals 


Severe clinical signs and symptoms are present in sheep, 
Which include fever, abdominal pain, and disinclination to 
‘move (Martin etal. 2008). Goats develop less severe signs 
tnd symptoms than sheep. In call, the adults are mostly 
Ssymplomatic. although fever-like symptoms may be present. 
‘The signs and symptoms appear in camels include bemorshages, 
‘cular discharge, and foot lesions (Martin eta. 2008). 
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‘Treatment in Practice 


Currently, we provide supportive eare to cure RVF (Atkins 
and Freiberg 2017). For chemotherapy, kinase inhibitors 
alone or in combination can be used (Bellet al. 2018) 


Vaccines 


‘Treatment by vaccines started soon alter the isolation of 
RVFV in 1931 (Bird et al 2008). No vaccine schedule is 
Present for humans and animals in non-endemic regions 
{Borrego and Brun 2021). Smithbura yaceine is commonly 
‘used in Africa, and it was established by Smithbur im 1949) 
and cause immunity for lifetime in vaccinated animals 
(Sindato tal. 2011) The soldiers ofthe United Nations who 
fare staying in infected countries were administered by 
‘vaccine that is 

(Lancelot etal, 2019). MP-12 is conditionally approved by 
the FDA far administration in the USA (Lancelot etal. 2019) 
it was developed by the Egyptian virulent strain ZH548 but 
stil has teratogenic effects n sheep (Boshra eal. 2011), 
Several inoculations are required in the case of DNA 
‘aceines asthey are less immunogenic (Lancet etal. 2019) 
Clone 13 does not cause abortion in ewes (Boshra etal 
2011), A human infected with TSHBS9 is the source of 
callestion of clone 13 vaccine (Wright etal. 2019) 


Antiviral Therapeutics 


Ribavirin is used against ZHSOL strain, inhibit replication of 
virus (Atkins and Freiberg 2017), Itenhances survival ate up 
to 100% at dose rate 18.8 mg/kg. subcutaneously. Ribavirin 
atthe dose rate of 75 mg/kg can treat the peracute state of 
VF disease in animals (Kimani etal. 2016). Favipravii 
“TOS/Avigan isa broad-spectrum antiviral agent. Is eliciency 
thas been evaluated in hamsters against RVEV ZHISOL sein 
Ie is effective against different genera of bunyaviruses 
(Scharton etal. 2014). In mouse model, rapamycin, an FDA- 
approved drug, is sed to coatrol the pathogenesis of RVFV 
bby decreasing N protein production (Bell etal. 2018) 

Type 1 interferon aif holds the key significance in treating 
RVFV as have great antiviral potential (Bocrego et l. 2016). 
Argovit isa. silver anoparticle with 35 nm size 
approximately, is the commercial preparation used to teat 
RVFV in humans and animals (Borrego et a. 2016). Exyt 
‘methylidene, a Rhodanine derivative, is an elfective drug 
against the sft valley fever virus as it has broad-spectrum, 
Activity and inhibits virus cell merging (Labeaud et al. 2010, 
Wolf et al. 2010), Bavitusimab is another broad-spectrum 
antiviral agent: i shows ils antiviral activity by targeting 
‘Phosphatidylserine, which is visible on the plasma 
‘membranes ofthe infected cell and also of enveloped viruses 
(Labeaud et al. 2010, Soares et al. 2008). Other antiviral 
therapeutics include suramin, srafanib and bortezomib ee 
{Atkins und Freiberg 2017). 


‘One Health Wiad 


Insecticide Treatment 


At mosquito breeding sites, larvicide treatment is useful 
‘some ofthe common larvicides include Bacillus thuringiensis 
isrucliensis and pyroxsprofene or methoprene (Lancelot et. 
20189). Inthe live bait tap technique, cattle are treated with 
Femmant insecticide, which kills mosquitoes during feeding 
and stops transmission of RVFV (Lancelot etal. 2019, Poché 
etal. 2015), 


‘Treatment Being Searched 


Several yaccines agains rift valley fever vias are in clinical 
trials (Grossi-Soyster and Labeaud 2020). ChAdOx! is a 
hhuman vaccine that is under processing (Siylianou etal 
2015). To fight with the RVEV. the kinases are being studied 
in translational pathway (Bell etal. 2018), For effective 
medication, we are searching for host-based therapeutics 
(Bell etal. 2018), 


Control Measures 


‘The proper prevention and control need well collaboration 
between entomologists. health and veterinary authorities, 
bologists and environmental specialists (Hassan etal. 2011) 
‘This one health approach will help us to eradicate RVFV 
from the world. Various control measures include larvicdes 
for vectors, vaceines for animals, control of animal trade and 
proper training sessions forthe awareness of public (Megan 
tnd Bailey 2019). Vaccination isthe bet method in animals 
for the protection of human health, To control RVBV..the best 
way is to vaccinate both humans and animals (Atkins and 
Freiberg 2017) 

Avoiding direct contact with the infected body tissues uid 
mosquito evading, proper bed nets and proper use of 
‘mosquito repellent sprays, morsower restrict themselves 0 
the houses during peak feeding hours of mosquitoes (dawn 
and dusk) (Grossi-Soyster and Labeaud 2020). Instant 
Precaution includes the use of personnel repellents We 
should be eareful in dealing with the infected animals for 
‘examination, milking or during other nursing approaches and 
use personnel protection equipment (Lancet etal. 2019), 

In order to stop the outreaks, we should se meat and milk 
alter proper cooking and boiling and stop the consumption of 
rnon-inspected meat (Sindato etal. 2011), In endemic areas 
Proper ‘care can control RVFV that include proper 
pasteurization of the food: light color clothes that comprise 
fof long-sleeved shirts and trousers are preferred (Paweska 
2014), 


Conclusion 


Rift Valley fever (RVF) isan arthroped-borne viral disease 
fof ruminants, camels, and humans, It is considered a 
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Riff Volley Fever 


significant zoonotic issue causing uncomplicated influenza 
Tike illness but may also lead tolemorthagic illness with liver 
inyolyement. The ecular or neurological lesions may also be 
present In animals, RVF may be inapparent in non-pregnant 
‘adults, but outbreaks are characterized by the onset of 
fahortions and high neonatal meetaity. Jaundice hepaitis and 
‘euth are seen in the older animals. Outbreaks are generally 
linked with heavy rainfall, producing high population of 
‘mosquitoes which act as @ main vector. After virus 
amplification in vertebrates, mosquitoes act as secondary 
‘ectors to sustain the epidemic. The above discussion and the 
relationship of disease between animals and humans ensure 
the concept of ane health triad and needs appropriate contol 
_measures to limit the spread of disease 
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INTRODUCTION 


Globally. a handful of malaria vaccine publications have 
cendeavoured to provide a detailed image of ll clinical trials 
that have occured inthe past. Now. itis challenging to sum 
‘up all projects ina single ave a the field fs expanded a an 
‘unprecedented rate, WHO as compiled a “rainbow table” 


regarding global malaria yaccine projects published in the 
past years (Schwartz et al. 2012), 

‘Malaria is life-threatening disease affecting young children 
and pregnant women caused hy parasites ofthe Plasmodium 
‘genus. With about half ofthe world's population on the verge 
fof infection, it poses a significant health hazard. I is 
{ransmitted tothe host when pathogen-ridden mosquitoes bite 
them. People from third-world counties areata greater risk 
of geting the infection and are more susceptible to death, 
‘especially children below five yedrs of age residing in sub- 
‘Saharan AMfica (Laurens 2018). 

‘The need to develop a vaccine against malaria has been 
stressed from the documentation ofthe parasite in 1897. In 
1897, Ronald Ross discovered the mosquito (vectors) that 
‘wansinit the disease. Moreover, the parasite can only be 
twansmitted by the female Anopheles mosquito. "The 
appearance of resistant parasites and vectors has triggered 
1 focus on other control achievements, including a vaccine. 
(Malimoudi and Keshavarz 2018).” Malarial. immunity 
through vaccination was established more than 30 years ago 
‘when individuals were immunized via continual bites of 


Plasmodium faleiparum-infected mosquitoes, bat iradiated 
mosquitoes still hold metabolic acuvity. (Arama et al 
2014). Alter being neglected for decades, attempts to cope 
‘vith malaria have increased significantly with the 
international community’s funding. An increase in funding 
has boosted the status of proceedings comprising contol of 
‘malaria, such a the acquisition and dispersal of artemisinin- 
based combination therapy (ACT), the anti-malarial drug 
‘group of choice and inscticide-treated bed nets (ITNs) 
along with other mosquito. vector control plans. These 
medications have been temporarily associated with the 
decline in the incidence of malaria of more than SD‘ in 
‘certtin zones of Africa. Regrettably. the poor healthcare 
infrastructure of many malariaendemic countries hinders 
the implementation of ACTS and ITNs. Moreover it has 
heen observed that the microorganism is developing 
resistance to anti-malarial drugs and rapidly spreading i. 
Even now. the opposition has been set in Asia to the 
artemisinin derivatives. So, an effective vaccine is needed 
to contro, eliminate, or even eradicate malaria (Crompton 
tal 20 

‘Only two species of Plasmodium are in dhe run for vaccine 
development out of five species that cause malaria in humans. 
More thin 90% of malaria-related deaths are atrbuted 
tw Plasmodium (P.) falciparum, and there is a similar 
ascendency of P. falciparum projects inthe malaria vaccine 
landscape (Schwarze al. 2012). Unfortunately to develop a 
fruitful vaccine for falciparum malaria, there are certain 
‘complications, such 3s the extreme inticacy of malarial 
parasite life, intricate and diverse parasite genomes, immune 
‘dodging, and the complex nature ofthe infections eyele of the 
parasites (Mahmoudi and Keshavarz 2018) 
‘Vaceines area the top of the ist n promoting both individual 
sind. public health, among all the highly effective tools 
Vaccination against infectious diseases has made the most 
significant contrihations to global public health compared to 
all other fuman interventions. Presently. no licensed or 
registered yaceine exists for malaria. Some expers deemed it 
necessary tocliminate malaria, The WHO published strategic 
‘goals to accredit malaria vaccines encountering P. falciparum 
and P. vivax with no less than 75% protective efficacy against 
Clinical malaria and reducing spread to enable elimination 
(Laurens 2018), 

‘There are quite a few malaria vaccine candidates who have 
undergone different phases of clinical wials: however, unt 
nov, there was not a good candidate with practical 
usefulness. Currently, the contenders are directed against 
those stages of the pathogen life cycle, which comprises 
humans and mosquitoes for a malaria vaccine. Sill up unt 
nov for potential vaccine development. only some proteins 
hhave been considered (Crompton etal 2010), 
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Malaria History 


Malaria i an old Infectious disease, According to all proofs 
nd experiments, malaria was fist documented in China in 
bout 2700 BC, in clay tablets in Mesopotamia in 2000 BC, 
in Egypt in 1570 and in Hil textbooks in the sixth century. 
‘These historical rscards are kept with so many caries and 
‘precautions, Sul, these are very important fr studies when 
‘we move into the following centuries, and we get firm 
[Knowledge through these records, Greeks that contain Homer 
in 850 BC, Agrigentum having state Empidocal in 550 BC. 
and Hippocrates in 400 BC. was wellknown in the 
documentary and different aspects of poor health, including 
fever and spleen enlargement, were observed in the people 
that were resident of dirty areas. Antent yan Leeuwenhoek 
found bacteria in the year 1676, and the formation ofthe germ 
theory of diseases by Louis Pasteur and Koch during 1878- 
1879 also made help in the discovery of malaria at an 
intensive degree (Cox etal. 2020), The general history of 
‘malaria was described in 1849 (Poser Charles and George 
1999), In 1970, widespread resistance was developed to 
‘malaria and there was no treatment for malaria (Butler et al 
2010). Malaral disease always has been a public problem. It 
impacts death and infection rates in undetdeveloped 
counties. After that, a noticeable derease in malarial cases 
‘was Seon between 2000 to 2010, but thas aways remained 
4 chullenge (Corine et al. 2020). Table 1 highlighted the 
‘atious discoveries in the history regarding malaria, 

Malaria Status in Pakistan 
In Pakistan, each year, 3.5 million confirmed eases of malaria 
are reported. Between 2015 to 2018 there ix regular increase 
in malaria cases. According to WHO. in 2017 and 2018. 60% 
‘ofthe people in Pakistan lve in the malaria-endemic region 
{Ali et al. 2010), Out of six countries in the Eastern 
Mediterranean region, Pakistan has the highest ratio of 
‘malaria transmission, The prevalence of malarial infection is 
dlilferent indifferent provinces and varies in different citcs 
‘duc to climate changes, The province wise prevalence of 
‘malarial infection in Pakistan in 2017 was 11% in Punjab, 
26.5% in Sindh, 20.5% in Baluchistan, and 30% in Khyber 
Pakhwunkhwa (Ali etl. 2010) 


Strategies about Prevention of Malar 


With the advancement in technology, various techniques 
have been developed to control malaria, Vector control and 
‘community mobilization are the elfetive methods which are 
described below: 


Vector Control 


“The term "sector conte” refers toast of actions taken agains 
disease vector with dhe goal of protecting rocngnized disease 
transmission hotspots while limiting the disease vectors 
‘capacity to spread the disease, The eapabilty of populations of 
local vector, cr more specifically, the size ofthe population of 
the vector, human biting behaviours, and duration relative to 
the sporogony period determines the suscepibiity to malaria 
‘Climate, regional ecology, humans, and_ vector activity 
significantly impact each of thse variables. Tobe as effective 
3s possible, vector contra strategies must be tiled to the 
loci environment. The goal of vector contol during an 
<limination phase isto lower the populations of local vector 
having eapacity below the very critical level require to upd 
transmission (Gueye etal. 2016) 


Main Methods for Vector Control 
Insecticide-treated Mosquito nets (TTNs) 


Long-lasting insecticidal nets (LLINs), which have insecticide 
lasting up to 3 years. and conventionally treated net, which 
have insecticide lasting upto 12 months, are both ITNs. WHO 
slrecte all health ministries as well as donor organizations to 
increase ITN distribution, focusing on populations of young 
children and expectant mothers since they are at high risk 
(WHO 2007), With periodic mass distribution campaigns, 
‘most national malaria control programs currently use ITN 
distribution to provide universal coverage 


Larval Source Management (LSM) 


LSM is the contol of aquatici watery habitats that may serve 
ss breeding ground for the mosquito to halt the maturation 
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‘of immature stages. Ii sill neglected as a malaria control 
tool in Alfica despite being one ofthe oldest weapons in the 
fight against the disease (Flinger and Lindsay 2011). LSM 
{go increasing attention asa result of the recent realization 
that outdoor biting play a role inthe tansmission of malaria 
and offers benefits of lowering outdoor as well as indoor 
‘mosquito popolations (Gies eta. 2009), 


LSM can be Further Classified as 
‘a. Habitat Modification 


Landscaping. land reclamation, surface water drainage, and 
filling aze all examples of permanent changes to land and 
‘water. It ean be completed with basic tools and supplies in 
‘remote locations (Filinger and Lindsay 2011: Tusting eal 
2013). 


b. Larvieiding 


Mosquitoes can regularly be controlled by spraying 
biological insecticides or chemicals on water hades It works 
‘tier in locations with few, stable, and easily identifiable 
Ihabitas. The anopbicline mosquito larvae control and the 
decreased numbers of adult mosquitoes have been 
‘demonstrated to be effective with microbial lurvicides, They 
‘donot affect other aquatic species, which gives them a safety 
‘edge over chemical larvcides (Tusting etal, 2013) 


Biological Control 


Watery ecosystems are being invaded by natural enemies 
(eg. invertebrates, parasites, predatory fish, and disease 
organisms) (Fillinger and Lindsay 2011; Tustng etal. 2013), 
‘To make this strategy work, alot of resources, and better 
‘organization from professionals i needed 


4. Habitat Manipulation 


By manipulating water levels, for example, actions like 
flushing. clearing drains, exposing. or shading, habitats are 
frequently taken to the sun, Habitat manipulation is more 
sited in environments with scarce resources, like habitat 
‘modification (Tustin et al. 2013). 


Indoor Residual Spraying (IRS) 


The main Global Malaria Eradication Campaign strategy is 
IRS, It contributed tothe complete eradication of malaria in 
certain countries and considerably reduced its impact in 
thers (WHO 2015, Global technical stategy for malaria 
2016-2030). In 2015, the IRS provided protection to almost 
106 million individuals. lsrecent growth into areas with high 


transmission hs prompted concerns about its long-term 
viability as it has traditionally concentrated en areas of low 
‘or seasonal transmission (WHO 2015, Global technical 
Strategy for malaria 2016-2030), Several nations have 
‘employed IRS to eradicate malaria and manage epidemics 
Methods Under Development 


Mass Drug Administration (MDA) 


Using the curative drug dose to treat the whole population in 
certain area without checking for infection snd respective 
ff the appearance of signs and symptoms is known as mass 
drug administration. Since the early 1930s, i has been used 
to manage malaria and in the 1950s (Poirot 2010), WHO 
promoted its elimination and eradication, MDA with 
Sntimalatials has peoven to be elfecive when used in 
femnjunction with other malaria prevention strategies. For 
instance, MDA vith sulphadoxine-pyrimethamine and IRS 
achieved significant malaria control levels during the Garki 
Project in Northen Nigeria in 1969 (Molineaux and 
Gramiccia 1980). Primaguine and chloroquine were 
administered to almost 70% of the population of Nicaragua, 
Preventing 920% instnees of malaria (Garfield and Vermund 
1983), 

According to current research, ivermectin mass medication 
administration is working well in controlling. malaria, 
‘especialy for residual malaria. An endectocie that has been 
approved for use in humans is ivermectin, Iisa sem 

smithetic derivative of Steplomyces —avermectin 
fermentation products. Over one billion treatments have been 
administered for neglected tropical diseases such as 
lymphatic filariasis (Chaccour etal. 2013; Chaccour et al 
2015), onchocerciasis, and strongyloidiasis over the previous 
25 years, The drug makes blood deadly to malaria mosquitoes 
ater being ingested for around sx days while itis stil in the 
bloodstream, Asa result, following a single conventional eral 
dose fewer Anopheles mosquitees survive to bite a person 
‘who has had ivermectin treatment (Chaccour et al. 2013: 
‘Chaocour et al. 2015). 


House Improvement (HI) 


Houses are the primary transmission habitat in many endemic 
Fegions (Huiko 2013: Bayoh 20M: Barreaux 2017). In the 
past, it was believed that bette housing was a factoe in the 
‘laral eradication in the USA and the decrease in disease 
incidence in Europe (Zhao 2016). Modern homes typically 
{sve protection against malaria that is comparable to ITNs 
tnd are preferable to older homes constricted of natural 
materials that have numerous openings for mosquitoes 10 
fener. Comparing contemporary housing to traditional 
housing, data from demographic, health, and indicator 
surveys of malaria catred ut inthe 21 SSA nations between 
2008-2015 demonstrate a decrease in malaria prevalence 
(Tasting 2015) 
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‘Swarm Sprays 


The sites of mating swarms appear to be linked to swarm 
indicators on the ground (i.e, wood piles, walls, oc the 
houndaries hetween grass and footpaths) which are consistent 
throughout the seasons (Diabué etal. 2011). 


Sugar Feeding 


‘A novel vector control method, called attractive toxic sugar 
‘it (ATSB), kills both female and male mosquitoes as they 
search for vial sources of sugar inthe open air (Beier 2012), 
The ATSB method employs a fruit or floral aroma to draw 
‘mosquitoes in, a sugar solution to stimulate eating and an 
‘oral toxin okill the insets, The mosquitoes that consume the 
toxic ATSB solutions are destroyed. Either plants will be 
sprayed withthe ATSB solutions, or they wil be suspended 
in srightforwad bait stations. Given its smpliity in terms 
‘of technology and operation, safety for the environment, and 
alVordability. this intervention is great fr reducing malaria in 
Tow to middle-income nations, Spinosad and boric acid are 
the typical insecticides used by ATSBs; however ivermectin 
‘has lately emerged as a viable option (Miler et al. 2010: 
Beier 2012) 


Community Mobilization 


All malaria preventive efforts must succeed in pact due to 
‘community ‘mobilization and methods for behaviour 
‘modification. This might take the shape of community-based 


initiatives. media, information, education, and 
communication (IEC) items used in public health 
communication, Communities can gain a better 


‘understanding of the disease by ulizing influcatial members 
‘of the community and teaching them about the advantages 
fand proper application of malaria preventive methods, 
Misconceptions concerning the spread of malaria should be 
dispelled, as should the need for prevention and quick 
agnosis and. treatment when one suspects the disease 
(lngabire et al, 2014) 


Malaria Vaccine Development 


Pre-erythrocytic Stage Vaccine (Live attenuated 
liver stage) 


Live altenuated vaccine is sill dhe most critical choice 
Fhecause it offers long-term sterile immunity to malaria 
transmission, ‘The atenuation of radiated sporozoites 
depends upon the random mutation that block the liver stage 
development. Therefore, immune individuals support 
altenuated heterogencous populations, but the genetically 
dissipated sporozoites limit this study solely for experimental 
purposes (Silvie et al, 2002). Despite all limitations, 


‘One Health Wiad 


sporozoites have proved helpfil in providing long-term 
Sterile immunity (Morrot and Zavala 2008). In humans and 
mice, experimental sporozoites have been showin to provide 
immunity against malaria transmission at the liver stage 
(Nussenzweig etal. 1967; Hoffman et al. 2002) 

Moreover, genetically attenuated parasites (GAPs) are 
formed by transfection ofthe asextal blond stage. Therefore, 
it causes consistent and continual preduction of genetically 
stable attenuated sporazoites. Complete cessation of the 
hepatic stage demonstrate the production of GAPS even with 
‘weak preventive measures, Recently, a gene named USIS has 
been identified in the parasite Plasmodium berghei. I is 
known that deletion in this gene results in the loss of a 
parasites ability to mature in merozoites. Animals thal were 
tented with the three consecutive doses of the removed 
USI gene demonstrated that animals had sterile immunity 
‘even for a more extended period. This experiment must be 
translated for P faleiparun (Mueller eal 205). 


Blood Stage Vaccine 


Immunity develops agaist individuals overtime by naturally 
‘exposing people tothe pathogenic agent, but sterile immunity 
‘ean only be induced artificially. Over time. as children 
hecome sexually mature, they have also obtained the degree 
‘of semi-immunity that protects them against serous 
infections, but not agains all infections. In passive transier 
studies at the carly stage, it came 10 know that when 
immunoglobin from semi-immune individuals acts against 
the blood stage it eues the clinical complications in a person 
With no or low immunity (Cohen etal. 1961). [tis also seen 
that childfen who live in endemic areas develop a degree of 
immunity against cerebral malaria im only one or two 
‘episodes that protect them against severe disease. Antigens 
that are present on the surface of infected RECs and 
merozoites are erythrocytic malarial vaccine candidates 
which include merozoite surface proteins 1,2 and 3 (MSPI. 
MSP2,-MSP3); apical membrane antigen (AMAL) 
‘sluumate-ich protein (GLURP):ring-infected erythrocyte 
Surface antigen (RESA): serine repeat antigen and 
cenythroeyte-binding antigen (Gupta et al. 1999) 

Some studies in Gambia have shown tat the protective effect 
of antibodies in a genetically diversified fickd of MSP3 is 
even stranger than in target-conserved areas (Polley etal 
2007). A-vaccine wal was held in Papua New Guinea using 
‘mixture of RESA protein, MSPI, and MSP2, which showed 
fn increased umber of infections from non-vaccine type 
Parasites with MSP2 compared to those who received a 
controlled vaecine (Genton etal 2002), 


Merozoite Vaccine 
‘The merozoite antibody-mediated vaccine can be obtained by 


lurgeting any of the merozoite surface proteins (MSP) 
peripheral surface proteins. and, toa lesser exten, secretory 
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‘organelle proteins (Siddiqui ct al. 1987), In the recent 
advanced studies, clinical trials of first surface protein like 
MSPI having ASO2 adjuvant were recommended with 42k 
Da carboxyl protein fragment (Stoute etal. 2006). MSPI isa 
‘major pleomoephie protein in to allelic forms: bath ae stl 
being studied preclinicaly (Woehlbier etl. 2006). Recently 
MSP3 phase clinical tials, Band T cell epitopes along with 
aluminum adjuvant, showed high antibody” levels in 
‘vaccinated organisms. When transferred to the mouse model 
it was seen that antigen-specific antibodies could inhibit 
paste growth in vitro along with clear parasitemia and 
monocytes (Druilhe etal 2005). These are the evaluation in 
the efficacy trial and showed that the choice of functional 
antigen should not depend on the genes but shouldbe based 
fon the functional assay (Dorfiman et al. 2005). A rodent 
‘malaria model system, explain why the antibody response Is 
short-lived and itis because the parasites induce the deletion 
‘of antigen-specific memory B cells (W ykes etal. 2005), 


Subunit Vaccine 


‘The live attenuated or killed vaccine isnot feasible in many 
dlseases, Ina subunit vaccine, an antigen or part of an antigen 
is identified from a pathogen that induces immunity against 
the whole pathogen on vaccination, The hepatitis B vaccine 
is an efletive protein subunit vaccine. This vaccine was 
designed to give the maximum humoral immune response, 
Proteins have a significant variation in ther immunogenicity. 
So, the protein subunit vaccine does not apply to many 
dlseases (Courouce eta. 1981). 

The latest generation of subunit vaccination is DNA-based 
(Umer etal 1993: Li etal. 1993). The DNA sequence from. 
P. falciparum was inserted into various recombinant DNA. 
viruses forming recombinant viral vaccines or inserted into 
plasmid DNA molecules forming DNA vaccines (Schneider 
tal, 1998; Wang eal. 1998), DNA vaccines are taken up by 
the expressed host protein and form T cell epitopes tht join 
‘vith the FLA molecule which is prime naive to T-cells and 
form the memory T-cells (Gurunathan etal. 2000). Viral 
vaccines also work similarly, but viruses infect the cells and 
express ‘T-clls antigens ‘before the start of infection 
{Miyahira etal. 1998), DNA or Viral vaccines induce a igh 
T-cell response but not a good antibedy response (Paolet 
1996; Gurunathan etal. 2000), 


‘Whole Sporozoite Vaccines (WSV) 


The work on WSV has been a challenge since the 1970. It 
‘vas thought that the idea of WSV was impractical because of 
the synthesis of irradiated sporozoite (Smith etal. 1991). In 
2010, a company named Sanaria worked on harvesting 
PISPZ. from the salivary gland of & mosquito infected by 
laboratory parasites, followed by preservation, vialing. and 
exyopreservation in liquid nitrogen (Hollman et al. 2010) 
‘The efficacy of WSV in humans is sen to be dependent an 
the dose (Seder etal. 2013: Mordmuller etal. 2017: Sissoko 


ct al. 2017), The level and duration of protection in 
homologous or heterologous sporozeite in malaria-naive 
adults depend upon the dose and regime with either PISP2- 
(CVac or PISPZ vaccine that has achieved a high level of 
immunity (Epstein etal. 2011; Ishizuka eta 2016; Epstein 
etal 2017) 


Placental Malarial Vaccine 


“The placental maria vaccine targets the chondroitin sulfate 
‘A(CSA) that binds the parasites and sequestrs them in the 
placenta. Other pre-erythrocytic and ‘erythrocytic lage 
‘aocines that protect the general population against malaria 
‘sn also protect pregnant women, Naturally, antibodics tothe 
(CSA are present to protect against malaria after several 
Pregnancies, as in endemic arets, mothers are resistant t0 
placental malaria (Fried et al. 1998). Placental parasites 
‘express the P. faliparum eryibrocyie membrane protein 1 
{PIEMP1) whieh isthe member of VAR2CSA that hind to 
the CSA binding site (Salami eal. 2003). The antibodies 
induced by the VAR2CSA prohibit parasite binding to CSA 
(Fried and Duffy 2015). VAR2CSA is a complex target with 
tan extracellular demain >300kd, six BDL domains, and some 
interdomain regions, Reventl, in ied cases, seven to eight 
BDL domains have been found (Doritchamou eta. 2019) 


Conclusion 


“Malaria stil poses a threat o public healt, especially in Sub- 
Saharan A\fica, where itis a major cause of morbidity and 
‘mortality. particularly among children, Significant sriles 
have heen made in reducing malria-elated morbidity and 
mortality over the past 10 years. The vector control strates 

still needs tobe rapidly developed to realise its fll potential. 
TTNs and IRS are the main malaria prevention and control 
methods because oftheir proven efficacy in lowering disease 
load. However, setting goals for eradicating malaria in 
numerous nation is justified by scaling up the combination 
fof vector control measures, The development of novel vector 
‘control techniques is essential forthe eradication of malaria, 
however many of these techniques have limitations 
particularly in terms of lowering the disease burden 
necessitating more research. The cost is the biggest obstacle 
that makes [VM a missed prospect in many’ endemic nations 
‘Antimalarial use for high-tsk groups, including children and 
Pregnant women, lowers the disease hurden in endemic 
nations. NGOs,” governments, scientists, and. research 
institutions must work together to develop improved malaria 
prevention strategies. This would end the diseases needless 
deaths of children under five by 2030, as the Sustainable 
Development Goals mandated 
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INTRODUCTION 


Among the infcctious disases transmissible between animal 
‘and human populations (Zoonoses). dogs and cals are 
feansidered as a major reservoir to spread infection to the 
public since they can harbor diverse pathogens such as 
‘helminths, Haman Toxocariasis is caused by nematode larvae 
cof the Tarocara genus, ane of the most prevalent parasites in 
the world (Mangaval etal 2001; Luna et al. 2018) including 
Toxoeara (T.) canis in dogs to a lesser extent T- cal in cats 
(Fan et al. 2013), and possibly 7. vitdonum in cattle and 
bull, as well as 7 leonina ina wide range of carnivores. It 
is considered as a misjor helminth infection in many 
countries, especially in tropical regions (Fan et al. 2015): 
however, it can be found in industialized countries, mainly 
{rural areas (Duréalt etal. 2017) This zoonosis arises from, 
lispaites in healthcare and is associated with conditions of 
poverty and pooe hygiene measures (Walsh and Haseeb 
2012). According to the Centers for Disease Control and 
Prevention (CDC). in the US. toxocariass is listed as one of 
the top five neglected diseases (Tyungu et al. 2020), 


Parasite Morphology 


‘The Taxocara genus belongs to the lass Nematoda, order 
Ascaroidea, superfamily Ascaridoidea, and comprises of 21 
species. [canis and cat are the species most commonly 
{involved in human toxocariasis. Taking this into consideration, 
the description of the morphology and characteristics of T: 
canis is made as a reference fo the etiological agent of the 
seas in humans (Okulewiez etal. 2012). 

‘Adult parasites have a cylindrical shape, elongated, and is 
ivory white in color. It is important to highlight that 


‘external, there are irregular transerse striae with eminent 
‘cervical wings, which are longer than wide. In addition 10 
this, there are lips surrounding an oral orifice that is 
continuous with the esophagus; these lips, in turn, form a 
hull ‘with two lateral lobes separated by a canaliculus 
(Bowman 2020) 

‘The adult specimens exhibit sexual dimorphism. The males 
measure between 4 and 10 em in length by 2.5 mm in 
diameter: tthe caudal end they display an elongated finger 
like appendage without caudal wings, with two series of 
about 20 to 30 stall preanal papillae and five postanal 
papillae on each side of the tall, and they do not have a 
fgubernaculum. In the ease of females, they are larger. 
measuring 5-18 cm in length by 25-3 mm in diameter: the 
‘genital organs develop on either side of the vulvar region, 
‘which is located anteriry, Females can expel around 
200,000 eggs/day that measure 85-90 um by 75 ym. are 
‘ovoid, and have a thick cover wih small depressions, which 
fayors their viability in the external environment for long 
periods of time even under unfavorable eaviconmental 
‘conditions (Holland and Hamilten 2006). 

the time of oviposition, eggs ae yellow in color due to the 
bile pigments discharged into the hos’ digestive tac, This 
‘coloration is not observed when the eggs are obtained by 
Inysterectomy from a gravid female. There are four larval 
stages (LI to L4), with L3 being the oe found inside the 
cembryomated eggs and is considered to be infective stage 
(Bowman 2020). Regarding the size of larval stages, LI can 
measure up to 0.5 pm, L2 up to 500 pm, L3 up to 1.5 mm, 
fand Lt up to 20°mm, The cuticle, nervous system and 
‘ganglion nuclei, as well as the excretory and digestive 
systems, are formed during the Ll sage, with few changes 
‘observed inthe L2 phase in which virtually an increase in size 
is perceived. During the third larval phase (L3). the 
dlferentistion of the digestive apparatus and the genital, 
apparatus accurs with the appearance af the lips and the 
‘genital outline. Finally in the fourth larval stage (L), both 
the lips and the sex of the nematode are differentiate, 
‘culminating in the adult stage with sexual maturity. growth, 
‘and expansion ofthe cervical wings (Despomier 2003), 


Characteristics of the biological cycle of Toxocara 


“The biological cyele of Tasocara can be direct when i takes 
place in only one host oc indirect when there is the 
participation of more than one host (more than one species) 
this jel is represented in Fig. 1 

[Non-embryonated eggs are expelled in the feves of the 
definitive host (eanids: canis and flids: 7. cat) into the 
‘environment, where they embryomate, reaching the L3 stage 
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embryo formation, the presence of O: and high relative 
humidity of 85.95% are essential requirements 
{(Despommicr 2003). Ithas heen reported that at ina period 
‘of between one to four weeks, depending on eaviroamental 
feonditions, For an efficient process of temperatures 
between 12-18 °C, $4 days are required for the eggs 10 
Fhecome infectious, while between 25-30 °C the ume is 
reduced to 14 days. However, regardless of hovr long it 
takes forthe eggs to embryonate and become infective. they 
can survive under optimal circumstances far at least one 
‘year (Chia-Kwung tal. 2003). 

To complete the biological cycle, the definitive host must 
ingest the embryonated eggs. which hatch in the intestine, 
releasing the infective arvac that pencrat the intestinal wall 
In the case of young animals these larvae migrate und pass 
‘through different organs, reaching the lung via blood, When 
they reach the lamen ofthe bronchi, they are expelled with 


the secretion of mucus to the pharynx by coughing. and from 
this site, they are swallowed, passing through the 
‘gusrointestinal tract to sete definitively in the small 
imtestine. In this organ, they mature, each the adult stage, 
mute, and the females begin oviposition around 3104 weeks 
alter ingestion ofthe eggs. la adult dogs, infection bythe ral 
route is also possible in the same way, culminating in the 
development of adult worms and the production of eges: 
however. some 13 larvae remain eneysted in the tissues, 
Which justifies that in bitehes with advanced gestation and 
‘due to hormonal influence these larvae are reactivated and 
migrate through the placenta (ansplacental infection) 
Feaching the fetal iver trom where they pass to the heart 
through the suprahepatic vein and the vena cava, and from 
the heart through the pulmonary artery to the lungs. The 
pulmonary population of larvae is maximum between 3-5 
tlays postinfection. Most ofthe larvae perforate the bronchial 
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wall, reaching the air space, and from there, they move 
through the trachea 19 the pharynx, where they are 
swallowed. For ths reason, three weeks after birth, puppies 
can already harbor sexually mature worms in the small 
intestine, capable of releasing eggs into the external 
‘environment (Oge and Ozhakig-Beceriklisoy 2019), On the 
‘other hand, although itis more frequent in female eats than in 
female dogs, another form of transmission is by the lactogen 
(Geansmammary) rout, either by the reactivation of encysted 
larvae or by infection of the mother during the beginning of 
‘pregnancy: both transplacental and transmaramary infection 
fare considered asthe mechanisms of vertical transmission of 
the parasite (Gates and Nolan 2000) thas been reported that 
98.5% of infections in puppies ate prenatal and 1.5% accur 
dling lactation (Gates and Nolan 2008), 

‘Another route of entry of the infective larvae to the definitive 
thos isthe ingestion of parateni hosts, fundamentally rodents 
in which the larvae are encysted in different tissues. In this 
case, the parasite eyele is completed in les time because 
these larvae do not migrate through the animals tissues. 
‘Molting to the adult stige begins earlier, and ege production 
land shedding take place alter a short prepatent period 
Embryonated eggs with infective L3 can also he ingested by 
paratenic hosts. Ahough these eggs lose their cover and the 
larvae are ftee and move through diferent organs, they do 
‘not mature inthe paratenic hosts. Human is ameang this type 
‘of host, also called an aberrant host, and itis generally dve to 
the fact that they maintains playfal or professional contact 
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with the definitive hosts. Accidental ingestion of these eggs 
‘cases human toxocariasis due tothe presence of larvae of 
this parasite. Contact between T. canis and man can also 
begin hy ingestion of exgs containing the L3 lava, hatching 
‘en take place both in the stomach and inthe small intestine 
since the stimuli required are very diverse, this can partly 
‘explain the wide range of paratenic hosts (Jasim and Hadi 
2021), 

‘The fundamental place of penetration of the larvae is the 
smal intestine, particulary the eum. The eggs that reach the 
‘colon and have not hatched are eliminated fr dhe most pat. 
Ithas heen determined thatthe exact site of penetration isthe 
Liewerkilin crypts possibly because these are the areas with 
less motility during ingestion, It has also been reported that 
Paneth cells degranulate at the time of larval penetration. 
From the intestine they spread tothe Liver mainly through the 
portal route, although there is some evidence of 
intraperitoneal dissemination oe direct passage through the 
lymphatics to the lung and spread through the systemic 
irclation to all pars ofthe body (Chen etal. 2018). 


‘Transmission Mechanisms 


TToxocara uses various sources of infection, adult parasites 
can reside on a wide range of domestic and wild definitive 
hosts, as shown in Fig. 2 (Holland 2017). Humans are mainly 
infected by accidentally ingesting embryomated eggs of the 
nematodes T. canis, 7. cati and | or congeners, which 
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contaminate raw vegetables and wate, when carrying out 
‘recreational activities in parks, playgrounds, and sandboxes 
‘orthrough geophagy toa lesser degree, by paratencsis, aye 
‘of transmission by the consumption of potentially infectious 
Toxocara larvae, encysted in the tissues of paratenic hosts, 
‘not sufficiently cooked: ctl, sheep pigs, rabbits, chickens, 
fad rodents serve as this type of host thal can be food for both 
Ihumans and definitive hosts and he reservoirs of Toxocar 
larvae (Allo et al, 2021). The transmission of Taxocara eggs 
‘resent in the hair of dogs and, in some cases, of cats is an 
‘unlikely direct route of transmission to humans, as the eggs 
require an incubation period to become infective (Holland 
2017: Maureli et al. 2019) 

In an extraordinary way. the infection of a patent after the 
ingestion of live slugs has een reported as an alternative 
therapy for esophageal reflu, In this particular ease, the ole 
fof these as. phoretic vectors has been hypothesized, 
‘wansporting the infectious eggs in their mucus (Fellath and 
Magnaval 2014). 


Epidemiology 


Dogs and wild canids, including foxes, coyotes, wolves 
jackals, hyenas, and dingoes are the definitive hosts foe 7 
‘canis, cats as definitive host for Tari Rostam etal. 20193), 
buffalo (Bubalus bubalis) and cate for 7: vtulorum (Olmos 
ct al 2021). Puppies, kitens, and calves are the most 
“important source of the adult parasite in the intestine, and 
therefore from very resistant eggs expelled tothe outside that 
spread the infection: adult animals serve as reservoirs of the 
pariste, producing larvae that encyst in tissues, a role that 
should ot be underestimated. Humans and other domestic 
land wild species serve as parateni host; that is, specs in 
‘whieh the biological cycle is not completed, however, serve 
the parasite to bridge an ecological gap in its fe cycle. An 
infected mouse facilitates transmission of potentially 
infective larvae to dogs, eats, or foxes. In this regard, and 
despite the various investigations on this subject the relative 
infective capacity of a variety of vertebrate and invertebrate 
hhosts is unknown; it is very likely that they play a 
reclominant role in disseminating infectious larval stages cr 
helping the parasite to avoid unfavorable conditions in the 
absence of a definitive host (Holland and Hamilton 2006; 
Holland 2017: Olmos etal. 2021 

‘The prevalence of infection in dogs by T. canis shows wide 
‘uration worldwide, fom 86 to 1005 in puppies and fom 1 
0456 im adult dogs; inthe case of 7. cat, 38.3% have been 
‘reported in Spanish feral cats, 79% in feral cats in Denmark, 
‘91% im feral eats om farms inthe United States, and 4.6% in 
the Netherlands (Fan etal. 2015). The presence of dogs and 
cats in urban public ares is common in rainy regions and 
‘contamination by their faeces significantly increases the risk 
fof human infection by Toxocara (Traversa et al. 2014; 
Tyungo etal. 2020), The dissemination of these eggs inthe 
cavirmnment depends on factors such as plant cover, wind, 
‘in, displacement of definitive hosts and even the activities 


of binds, ies, beetles, earthworms, slugs, which indirectly 
Altermine the availability of eggs for susceptible hosts (Fan 
tal, 2015), Several investigations show that public spaces 
such as sandboxes and parks offer a continuous risk of 
‘citing toxocariass, In Japan in the city of Tokyo, 41.25 
‘of sandboxes were found tobe contaminated: in Kansas 6.6% 
and in Brazil 87.1%, in Poctugal, 85.7% (Quattrocchi et al 
2012; Otero eal. 2018); in New York, from 29.6 to 66.7% 
(Tyungo et a. 2020). Iris known thatthe viability of these 
‘eggs and their infectivity can be maintained for month and 
fen Years in adequate temperature and humidity conditions 
(Pan etal 2013). The temperature, ight, humidity, pH, the 
substrate and the vegetation can affect thems: once these are 
<iminated inthe facees by the definitive hosts. These epgs 
fre the main source of infection for humans due to 
‘contamination of water andl food and possibly due 4 dirt 
‘contact with dogs. In this regard, ithas been reported through 
‘systematic review and meta-analysis that eges of Tosocara 
in different stages of development: non-viable (in all far 
‘amples analyzed), viale/non-embryonated eggs (50.7 to 
86%), embryonated (2 to 70.8%) and larvae (03 to 8.1%) 
‘These results suggest a ow risk of infection hy this rout, in 
selon, emphasizing that these require adequate time and 
‘cantons to embeyonate and reach the infectious larval stage 
3 (Maurel et al. 2019). Various studies worldwide have been 
‘are out to find out the status of Toxocariasis in humans, 
‘despite this, it s not possible to compare the results hecause 
‘of different diagnostic tests, cut-off point, type of antigen, 
tnd type of population under study, in addition to ths, 
diagnostic accuracy is significantly reduced due to cross 
antigenicity, particularly in regions where polyparastit is 
‘common (Smith etal. 2008), 

‘Through a systematic review and meta-analysis of five 
international databases for the period from 1980 to 2019, 
Rostami etal. (2019a) determined that one-fifth ofthe world’s 
population (1.4 billion individuals) is exposed to Taxocara 
its prevalence varies depending on the country and region 
(Table 1). However. itis highly prevalent in developing 
‘countries, in comparison with developed countries, also 
highlighting the importance of the clinical sequelae of the 
syndromes that the parasite develops 


‘Toxocariasis in Humans 


“More than 70 years before, toxocarasis was described forthe 
first time in 1950 and it was considered a rare disease that 
mainly affected children (Magmaval etal. 2001). Currently 
fextensive knowledge his been generated about this 
helminthzoonosis, now itis known that a variety of clinical 
syndromes can develop including Visceral Larva Migrans 
(VLM), Ocular Larva Migrans'or Ocular Toxocariasis 
(OLM), Neurotoxocariasis (NT), and Covert and Cutancous 
‘Toxocariasis (CT) (asim and Hadi 2021). In endemic areas 
With high prevalence, Toxocara larvae havea severe medical 
and. social impact because these produce significant 
morbidity that can have debilitating and long-lasting effects 
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‘Table 1: Estimates of serprovulence of toxocavass in people for the peso from 1980 10 2019, by Regions of the World Heath 


(Organization. Sout! (Rosia etal. 2010) 


Regi Feeans 
‘Aca 37 
Sout East Asia MI 
‘Wertern Pacific 242 
American 28 
European 10s 
stem Mediterranean 42 
Global szoprevalence 10 


“This prevalence is relaed vo ser Hak Talos Tor Tas inpaan Teams, WE we STAT TA TDS 


‘Table 2 Predisposition factors to intction by Toroeara sp. Saute: (Quattechi etal. 2012; Fa eta. 2015; Ky eta. 20 


al. 20194;Tyungo et, 2020; Quintero-Cusguen etal, 2021). 
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Polluted environment 


‘Countries with tropical und subtropical climate higher humiy,tenpnstur, and rsifll 


Rural envionment 
Unhygicnic envionment 


that impair productive capacity and children development 
(Waldh and Haseeb 2012; Tyungo eta. 2020). When humans 
accidentally consume the infective Iarvae, these cannot 
develop into the adalt form, so these migrate through the 
Floodstream to different organs. msinly the liver, heart, 
‘kidneys, brain, eyes, and muscles. The clinical manifestations 
depend onthe intensity ofthe infection, the greater the number 
of infective eggs ingested, the greater the number of migrating 
larvae. and the immune sytem will detect them and develop a 
more energetic defense response (Kye et al 2015) This larval 
‘migration can lst for months or years, causing issue damage 
land causing local ce systemic inflammatory reactions as a 
result of the death of these larvae, as well as type IV 
hypersensitivity reactions, mediated by Th cells and the 
development of cosinopilic granulomas; and type L 
hypersensitivity, with IgE production, eosinopi 

increased expression of cytokines IL-13, IL and IL-4, duet 
2 Th2 reaction (Quinteo-Cusguen etal. 2021): which will 
‘manifest different symptoms according to the affected crgan 
{(VLM), sometimes waves of migratory larvae ean be generated 
in the viscera. On the other hand, the migratory larvae cin 


damage the retina by inducing granulomatous reactions that re 
responsible for the decrease or loss of vision (OLMD. The 
larvae can migrate tothe brain an spinal cord with associated 
neurological compromise and produce neuresoxocarasis (NT). 
resulting in the presentation of epilepsy. eosinophilic 
rmeningoencephalts, myelits, cerebral vasculitis and 
rneuropsychological “deficits, which is very serious as 
toxocariasis has heen associated to reduced cognitive function 
Producing debilitating effects, in children from 
Socioeconomically disadvantaged. populatins. Finally, one 
less severe syndrome called covert toxocariasis or common 
txocariasis has been described, with skin manifestations such 
ss chromic unicaria, chronic” pruritus. and. miscellancous 
‘eczema (Jasim and Hadi 2091; Quintero-Cusguen etal. 2021), 


Diagnosis 


In dogs and cats, the diagnosis is mainly carried out by 
‘coprolngical examination of eggs in faeces under the 
microscope (Gates and Nolan 2009: Okulewicr etal. 2012) 
by serological tests, such as ELISA (lor antibody or antigen 
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detection) and Western blot (Noordin et al. 2020) or by 
‘molecular methods, for example. PCR (Khademvatan eta 
21a: Oge and Orhakig-Becerklisoy 2019: 
Phoosangwalthong et al, 2022), and loop-medisted 
isothermal amplification (LAMP) technique (Azimian etal 
2021), In the case of humans, the diagnosis of Toxocara 
larvae may be accomplished by the detection of specific IG 
antibodies against the parasite using serological tests (Zhan 
tal 2015; Rastami etal 2019b: Noordin et al. 2020) or by 
the detection of Toxoeara larvae antigens by molecular 
assays (Despommier 2003; De etal. 2013). 


Advantages and Disadvantages of Conventional 
Control 


The conventional control of toxoeariasis disease in humans has 
tncen done for decades through anthelmintic prot, such as 
1)alhendazole, 2) mebendazole. 3) thibendazole and 4) other 
drugs such as nt-inflammatery deugs (Chen eal. 2018) 

The control advantage of these compounds is their easy 
application, speed, and efficiency (approsimately in a range 
‘of 45 10 70%) depending on the compound. However, these 
‘compounds have side effects such as nausea, asdominal pan, 
fand the most worrying reversible effects including 
hhepatetoicty, leukopenia. and alopecia caused mainly by 
albendazole in a dose of 400 mg eally fr $ consecutive days 
{Satou etal. 2005: Frazier etal. 2009), 

The drug products (albendazole, mebendazoe, 
thiabenduzole) bind toffee PHubulin, which is an essential 
>rotcin-like component of microtubules in helminths. These 
drugs have a great affinity for said component, which induces 
the inhibition of tubulin polymerization and the periphery of 
cytoplasmic microtubules, Additionally, anthelmintic 
‘compounds and mainly benzimidazole alter the glucose 
‘metabolism of helminths. regarding the thiabendazole 
‘compound. it targets NADH oxidase reductase in helminths 
(Magnaval etal. 2022). 

‘The disadvantages of the use of the aforementioned 
anthelmintic prodacts are mainly anthelmintic resistance 
however, another significant factor is the damage 10 
beneficial organisms such as dung hectles that help keep 
‘grasslands clean likewise they are used as biological models 
‘ofenvitonmental changes and have also been use toevaluate 
anthropogenic impacts on biodiversity due tothe response to 
dllferent levels of forest conversion and the eco-telationship 
ff the presence of mammals (Sinchee-Herindez et al, 
2022), In this context, the use and abuse of these products 
(macrocyclic lactones: ivermectin) have decreased the 
populations of these organisms in the Mexican southeast 
{(Basto-Estrellaet al. 2014), and inthe Amazon and Pantanal, 
‘wo regions of Brazil, the populations of these dung beetles 
Ihave decreased by up to 50% to 70% due to the use of 
ivermectin, altering ecological niches (Correa et al. 2022) 
For this reason, it is urgent to implement sustainable 
allematives to control toxccariasi, 


Sustainable alternatives for Controlling Toxocariasis 


Nowadays, multiomies tools, specifically proteomics, have 
shown potential forthe generation of somatic and exeretory- 
scretory proteins with specific funetions forthe invasion of 
pathogens in relation to the evasion or modulation of the 
{immune system for the development of new generation 
vaccines, These proteins activates the host immune system 
(Zheng etal. 2020) 

‘Totomoch-Serra et al. (2021) report the consolidation of 
catting-edge technologies such as single cell analysis, 
immune repertoire analysis, multiple phenotyping. and 
spatial transcriptomics, which help to determine immune 
function and involvement in varius infections by parasites 
such as toxocartasis, 

‘On the other hand, in a study reported by Zhen etal (2020), 
they used omic technigues such as genomics and 
transcripomics and identified a umber of genes that 
participate inthe development of Toxocara and the 
interaction of the parasites and their hosts. and made the 
prediction and function of unknown genes hy the comparison 
‘of other species. Omic sciences contribute tothe development 
fof new drugs, vaccines, and diagnostic tools foe the 
sustainable control of toxocariasis worldwide. 

‘mn Brazil, study has been earied out on the in vitro evaluation 
‘of ovicdal fungi isolated. from the soil (Acremonium, 
Aspergillus. Bipolars, Fusarium, Gliocadium, Mucor. and 
Trichaderma\ on T. canis eggs, obtaining promising results 
after 14 days post-confranaicn (fungus-egg interaction) (De 
Souza Maia Filho eta. 2012). Another biocontrol agen that 
has been evaluated isthe fungus Trichoderma (T)vrens on T- 
‘canis eggs. The reslt of the mentioned study showed tha the 
numberof lave obtined in the diferent organs was lower 
the group of animals that were infected withthe embryonsted 
‘eggs of 7. canis exposed to the fungus T. viens compared to 
the group of animals that received embryonated eggs without 
‘exposure tothe fungus 7 virens. The fungus 7. virens showed. 
potential asa biocontrol agent on 7: canis eggs (De Souza Maia 
Filho et al. 2016) 

Some authors have suggested the immunological control of 
‘Toxocariasis as a possible alternative (Barriga 1988: 
Jaramillo-Hernindez et al. 2020), It must be considered that 
Toxocara eggs contaminate a wide variety of food, so there 
must be strict control of aliments destinated to. human 
‘consumption (Bolicar-Mejia etal. 2014: Chen et al 2018: 
Healy et al. 2022), In this context. it has been indicated that 
‘contact of young people (under 18 years old) with dogs and 
‘ats is significant sk factor for Toxocariass (Fitz etal 
2022), The development of new molecular tools fs heen 
Suggested to facilitate the diagnosis and new control 
approaches to Toxovariais in humans (Guangxu etal. 2017, 
‘Arimian etal 2021), 


Conclusion 


‘Toxocarisis is a worldwide zoonotic issue that is increasing 
year by year, The major reasons behind its spread include 
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climate change, people not following hasc sunitary measures 
to dispose off do feaces properly and ignorance of this issue 
bby the heath authorities. Inthe years to come, better control 
‘measures for toxocarasis mist be implemented under the 
‘One Health scheme if success is pursued. 
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INTRODUCTION 


Pakistanis an endemic region fr eystic echinococcosis (CE) 
‘which isa disease of economic and health concern for both 
‘animals and humans. Echinococeasis, also known as 
hnyatidoss, i one of the major neglected topical diseases 
(NTDs; WHO 2019) having endemicity to regions with 
prominent pastoral activities (Craig et al. 2015). NTDs 
Impact lives of over 1 billion people in low- and middle 
‘income countries having limited surveillance capacities (Rai 
2022), Currently. Pakistan bears high global burdens for 
‘seven major NTDs (Herricks etal. 2017), CE isranked as 
‘most widespread helminth disease in Pakistan (IRD 2017) 
‘with 20,500 identified human cases (Herricks etal. 2017). 
[Being an agricultural country and hosting a large rural 
populaticn, 113 million people of Pakistan are at risk, and one 
ff the largest agrarian communities in danger of geting CE. 
and other infections (Zhang etal 2015). 


Life Cycle of Echinococcus granulosus 


Cystic echinococcosis is caused by larval stages of a 
tapeworm species, Echinococcus granulosus, which has 
cyelozoonctic paticen between differeat inermediate 


(domestic animals and humans) and definitive hosts (dogs) 
(Thompson etal. 2017). The dogs take up the parasite while 
ingesting contaminated offal containing hydatid cysts with 
viable protescoleces (PSCs). Upon reaching the digestive 
tract of the definitive host, PSCs evaginate in upper 
‘duodenum after exposure 19 high stomach temperature in 
presence of pepsin and bile salts. Bach protoscolex hs the 
ability to develop intoa mature tpewerm, Mature tapeworms 
release the embryonated eggs which ar either passed into 
feces separately or through disintegration of terminal 
Proglotid from the tapeworm body (Craig et al. 2003). Egas 
tare ingested by a suitale intermediate host (shecp. gout, 
cate, buffalo, camel, horse) which harbors the hydatid 
‘eystvmetacestodes (Larval stage) developing in main visceral, 
‘organs like liver and lungs (Romig 2003). Humans also 
become accidental hosts afer ingesting exgs of E. granulosus 
Via contaminated water or food (lio et al. 2017). Fig. 1 
‘outlines different ile cycle stages of E. granulosus in the 
termediate and definitive hosts. 


Human Cystic Echinococcosis, 


Humans acquire the infection by accidental exposure to eggs 
of the parasite. Farming and nomadic communities, having 
lose contact with dogs are at the highest rsk of infection. 
Human CE is usually asymptomatic and does not cause major 
identifiable pathologies and remsins unnoticed for years until 
the active eyst grows large enough to exert pressure on the 
‘adjacent tissues or induce other pathological events (Eckert 
tal. 2001). Clinical symptomatology is highly variable, with 
no disease specific symptoms, largely depending on size, 
umber and location of cyst (Moro and Schantz 2009) 
Usually, 38 to 600% cases are asymptomatic and accidentally 
diagnosed during other medical examinations (Ker 2003), 
Generally. patents show fever, high abdominal pain and 
signs of allesic reactions (Budke et al 2013). the liver is 
affected. hydatid eyst ean compress the bile duct resulting in 
‘obstructive jaundice, allergic manifestations and abdominal 
pain (Pakala etal. 2016). Clinical manifestations associated 
With pulmenary cysts include chronic cough, pleurtic chest 
pain, dyspnoea, hemoptysis and lung abscesses (Eckert eta 
2001; Kern et al. 2017), In polmonary CE case patient may 
‘expel remnant of hyaline membrane of ruptured eyst (Ramos 
tal 2001), Symptoms and signs in atypical sites are usually 
pain and tumee like growth (Eckert etal. 2001, 
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{cystic Echinococcosis in Livestock in Pakistan 


Pakistan is the focal point for presence of E. granulosus, 
however, due to limited number of studies, the endemic 
situation is underestimated (Zhang etal. 2015)-In Pakistan, 
large ural population is specially at risk due to muliple sil 
transmitted helminths (STHs) because of poverty. hygiene, 
illiteracy. poor knowledge about diseases, malnutrition, 
ccovironmental degradation and security issues (WHO 2013: 
Blum etal 2018). granulosus is spread all across Pakistan 
and in all ivestock species. Apart from rural areas urban and 
perisurban localities ae als at risk and there is an upward 
trajectory of CE in Pakistan (Haleem etal. 2018: Khan etal 
2018, 2020). Karachi and areas near Afghan border, Naber 
Punjab and Khyber Pakhtunkhaw (KP) are a the highest risk 
of contracting tis disease (IRD 2017). Sindh province has 
also high burden of hydatidosis duc to significant economic 
losses among livestock (Anwar 1994), Fig. 2 manifests the 
hnyatideysts (metacestodes) in livers and lungs of the 
livestock species, 

CCE was reported for the first time in Pakistan in 1953 by 
Labinsky (1959) at Rawalpindi reporting high prevalence 
fof 15.4%, During the subsequent years, several studies 
hhave been carried out reporting differential rates of 
prevalence of CE in the livestock of Pakistan (Khan etal 
2020) with highest number of studies from Punjab. 
Prevalence as high as 60.46% has heen reported in 
buflaloes slaughtered at urban slaughterhouses of Punjab 
(Shahzad etal. 2014), A comparative picture on prevalence 
‘of CE in Pakistan among different domestic ungulates is 
depicted in Table 1. Lack of proper sanitation, health and 
‘education facilities also correspond to muking livestock & 
suitable reservoir for E. granulosus. Moreover. economic 
land health conditions in the country are relatively poor 


‘compared to the developed economies of the world which 
further elevate the risk of hydatidosis transmission 
{Mehmood etal. 2020a) 


Human Cystic Echinacoccosis in Pakistan 


“The actual burden of human CE on economy'is not estimated 
in Pakistan. The prevalence figures are inaccurate duc to the 
lick of reporting and improper identification. Accurate 
‘estimate of incidence and prevalence of CEis always difficult 
because of asymptomatic nature ofthe disease. Additionally 
access to medication and. surgical interventions remains 
limite for most of the poople in Pakistan. Rough estimate of 
the incidence can be given by hospital admissions/ischarge 
slat and number of eases tested a the reference laboratories 
(Mugaddas tal, 2019), 


Risk Factors for Cystic Echinococcosis Prevalence 


Frequency and intensity of CE is influenced by a number of 
factors operating at both the definitive host and intermediate 
hast levels 


Risk factors for definitive hosts for cystic 
echinococcosis infection 


‘There ure around three million stray dogs in Pakistan which 
play a very crucial rlein the continuation of life eyele of E 
‘granulosus and high rate of infection among the domestic 
animals. Access of dogs to infected and uncooked offal, 
snimal slaughtering locations, open butcher shops and 
extensive livestock farming are the major determinants 
favouring disease perpetuation in Pakistan (Mchmoed etl 
202a). Free roaming and stray dogs are at more risk of 
[getting infected by E. granulosus eggs than to other types of 
dogs (Otero-Abad and Torgerson 2013). Similarly, high 
infection rates are reported for farm dogs living in close 
Vicinity tothe livestock (Pérez etal. 2006: Guzel et al. 2008). 
‘The dogs from rural areas have higher prevalence of 
granulosus (0%) than those from urban areas (18%) 
(Chaabane-Banaoues et a. 2016). Younger age group and 
mule gender of dogs are more prone to infection (Parada et 
al. 1995; Buish eal 2005). Socio-economic background of 
dog owners is also an infection determinant in definitive 
hosts as lack of knowledge on disease transmission and 
deficiency in deworming and anthelminthic treatment is 
related to high infection pressures in dogs (Buishi et al. 
2005; Huang et al. 2008), 


b+ Risk factors for intermediate hosts for 
developing cystic echinococcosis infection 


Epidemiology of animal echinococcosis relies primarily on 
the mode of transmission of the disease (Otero-Abad and 
‘Torgerson 2013) Predominantly extensive livestock 
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Fig. 2 Cystic echinococosis 
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production systems, taditional animal husbandry practices, 
‘nomagism and uncontrolled animal movements favor the 
fccurrence and endemicity of the disease (Dakkak 2010) 
Principal factors promoting disease among domestic wnimals 
are the extent of contamination in environment by parasitic 
eggs and age of the intermediate host (Otero-Abud and 
‘Torgerson 2013), More eyst abundance is observed in older 
farm animals (Tashan eta. 2002; Umur and Kaaden, 2008: 
Erbeto etal 2010). Sheep and gous of 3 years or older are at 
[L6 umes more risk to CE infection than the younger animals 
(Marshet etal. 2011). Certain other factors complementing 
disease dispersal are gender (Daryani et al 2007: Ibrahim 
2010) and type of livestock species (Cardona and Carmena 


2013), Females are at igh risk of disease contraction due to 
Slaughtering at old age which increases the exposure to 

parasitic infection (Pour et al 2012: Otero-Abad and 
{Torgerson 2013, Animal echinococcosis is more fequently 
scon in small ruminants which show higher infection rates 
‘compared to large animals, Sheep are more vulnerable to, 
‘granulosus infection than goats and cattle (Erbeto et al. 2010: 
Marshet et al. 2011), however it is important to note that 
buflaloes und sheep are the key hosts in CE epidemiology in 
Pakistan (Mehmood etal 2020b). Additionally, catle could 
also be considered to have prominent role in disease spread 
tas South Asian clime offers a suitable environment for 
development of E.granulasus besides harboring a large 
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Fig. 3 Risk Letrs for perpetuation of etic exhinacecosis in 
Pakistan 


Fig. 4 One Heal) concept uiljing human, animal and 
vironmental ea 


populatien of buffaloes and cattle (Mehmood et al. 2022) 
Livestock infection is also modulated by meteorological 
conditions like humidity and environmental temperature 
Ihowever, seasonal differences in prevalence (Mehmood et. 
2020a) ae of negligible importance due to chronic nature of 
the disease (Otero-Abad and Torgerson 2013). Fig. 3 
highlights dhe posible risk factors responsible for spread of 
‘eystic echinocaecess in Pakistan, 


Risk Factors for Human Cystic Echinococcosis 


A sound understanding of the risk factors associated with 
dhuman CE. is essential for reducing the disease incidence 


(Possenti etal. 2016). Chances of disease increase in pastoral 
tnd nomadic communities which live in close assbeiation 
‘with dogs having low sociceconomic states. Human 
hydatidosis is a public heals problems of rural communitis. 
‘A study from Sindh and Punjab concluded that people 
‘sssociated with farming and aging between 21-30 years were 
al more risk of contracting the disease (Mugaddas etal 
2020). Transhumant movement of people. along with their 
livestock can aid in the transfer of CE in both animals and 
humans (Eckert et al, 2001). Limited access to health care 
facilities and using contaminated water sources due to low 
socio-economic status results in high incidence of CE 
(Barnes etal 2017) All these putative factors could play 
their role in transmission modalities of hydatidosis 
particularly in rural areas with limited resources. Due to lack 
‘of resources and poor infrastructure of slaughlethouses, 
‘radication of zoonotic echinococcosis is extremely difficult 
tw achieve (Maualin et al. 2009) 


Problems Linked to Diagnosis of Human Cystic 
Echinocaceosis 


Preoperative diagnosis of human CE is reliant on imaging 
techniques including ultrasound imaging (US). computed 
tomography (CT), magnetic resonance imaging (MRI) and 
radiography and serological methods including enzyme 
linked immunosorbent assay (ELISA), latex agglutination, 
dlirect_heamagglutination and immune electrophoresis 
(Hernindez-Gonzilez etl. 2018) whereas, histopathological 
diagnosis confirms hydatidosis atthe postoperative stage. 
IgG ELISA (anti-Eehinococcus serum antibodies) is a readily 
availahle technique bu often fils to diagnose CE as it does 
not have desired specificity and sensitivity (Craiget al. 2007). 
IxG antibodies detection may sometime give false-negative 
results as reported for 20% cases of hepatic cysts and 40% of 
the pulmonary eysts (Eckert etal, 2001). Caleified eyst or 
‘ets from brain or eye usually give low or no antibody tite. 
Similarly. false positive results have been documented from 
individuals having other helminthic diseases (Eckert al 
2001) due to cross reaction (Brunet etal. 2010). Though 
imaging techniques are commonly the primary approach for 
CE diagnosis, but often lead to misdiagnosis or 
tisjudgement, when hydatid cyt is localized at atypical sites 
‘or presents confusing lesion features (Shang etal 2019), Due 
to misdiagnosis, relapse or metastasis of echinococcosis after 
the surgery is also documented (Kern etal. 2017), 


Problems Linked to Treatment of Human Cystic 
Echinocaceosis 


Haman CE is complicated to teat at in some cases cyst 
femains asymplomatic foe over 10 years (Feder etal. 1999). 
WHO advocates stage hased therapeutic approach based on 
‘yt characteristics and available medical facilities. The 
method of teatment includes four approaches i-e 
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chemotherapy. percutaneous methods, surgery and wait and 
‘wate strategy (Brunet etal. 2010). Despite the importance 
of surgery, medicosurgical approach is gaining wide spread 
acceptance (Craig et al. 2007), Chemotherapy involves 
‘weatment with benzimiduzole carbamtes (mebendazole and 
‘mest commonly used alhendazole) which kills the whole 
metacestode stage whereas praziquantel has a substantial 
clfect on protoscoleces (Kern 2003). Both anthelmintic drugs 
Ihave broad spectrum action and show symptom: alleviation. 
Chemotherapeutic treatment often reduces the internal 
pressure by softening the cysts which can be lier 
removediexcised casly during surgery (Pawlowski et al 
2001), Patents receiving albendazole and praziquantel peice 
{to surgery have reported nonviahle protoscoleces in 
comparison 10 the patients receiving only albendzoe. 
‘Albendazole interacts with eukaryotic tubulin 
{cytoskeleton protein) by inhibiting its polymerization to 
‘microtubules. Cyst glycogen reserves start de (as 
secondary effect), bringing degenerative changes in 
mitochondria and endoplasmic reticulum of germinal layer of 
hhylatideyst which leads to cellar autolysis (Scholar and 
Pratt 2000), Commonly used surgical interventions ae partial 
or total cystectomy and organ resection such as lobectomy 
‘depending upon the nature of eyst. There are -25%% chances 
ff relapse in postoperative cases (Eckert etal. 2001) 
Puncture-Aspiration-Injection-Re-aspiration (PAIR) 
technique is commoaly used to aspire hydatid lui (HE) frm 
the eyst of CE patients (Smego et al, 2003). Clinical outcome. 
fan be improved by combination of chemotherapy snd 
‘medical treatment (Kern et al. 2017) 


Cystic Echinococcosis Associated Economic Losses 
and Socioeconomic Burden 


According to an estimate, globally 1 million or mere 
individuals are suffering from CE. and livestock sector is 
facing annual loss of 2 hill US § duc to E. granulosus 
infection (Torgerson and Macpherson 2011) Hydatidesis has 
hecome serious economic burden for resource-poor lo 
income countries like Pakistan Public health spending (US S 
36.2 per capita) in Pakistn is even below the WHO low- 
income countries bench mark of 86 US $ (PES 2017-2018). 
Clinical diagnoses, surgical operation. —_ long-term 
‘chemotherapy by albendazole along with chronic impairment 
ff patients’ quality of life are the main factors for the 
socioeconomic cost of the disease, CE isnot only a 
significant burden for family of infected individual, but also 
for the community a a whole (Torgerson 2003). 

Health surveys are important to assess the mental and physical 
‘health state of CE infected person in comparisen with a contol 
population, Surgically treated patients for CE report significant 
decrease in their quality of life Torgerson and Dowling 2001), 
along with considerably higher unemployment ate Torgerson 
2003). CE burden on human population is estimated by 
Calculating monetary losses and disability adjusted life years 
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(DALY, Direct monetary losses due to CE include costs of 
diagnostic test, surgery and postsurgical cae and treatment 
(Mastrandrea etal, 2012: Kern et al. 2017) whereas indirect 
costs are related to lost wages as a result of reduced 
‘competence to werk during and after hospitalization (Harandi 
et al 2012). Human CE is respensible fee 19, 300 deaths 
worldwide and around 8.71,000 disability adjusted life years 
Pet annum where one DALY ean be thought of sone lost year 
of healthy life WHO 2019), 

Due to asymptomatic nature of CE (Brandt etal. 2003) its 
‘economic impact is substantially underestimated (Budke et 
al. 2006). However. in Pakistan the estimation of actual 
losses i dffcul because of lack of identification and under- 
reporting in both humans and livestock, Incidence rates are 
difficult to determine because of large number of 
symptomatic cases which go unnoticed providing only 
rough estimates based on information from testing 
laboratories and hospital admissions data (Mugaddas et al 
2019). Lost wages, treatment costs and production losses in 
livestock (condemnation of viscera and significant decrease 
in fecundity, milk production hide value and carcass weight) 
are a few major economic lasses associated. with cystic 
«echinococcosis (Torgerson 2003), 


Prevention and Control 
Echinocaceosis 


Strategies for Cystic 


Control of CE reyuites targeted control at three levels 
including human, livestock and dogs. Without appropriate 
surveillance, impact of prevention and control programs 
becomes difficult to measure, The control approaches are 
sgven below 
1) Control of hydatid cysts needs regular dasing/deworming 
fof dogs with prariquantel (PZQ), which will reduce 
Echinococcus worm burden in the definitive hosts (Lembo et 
al 2013), PZQisa highly effective amelmintic drug to date 
with limited toxicity (Macpherson and Craig. 2000). The 
prepatent period of E. granulosus is approximately six weeks, 
therefore. dosing dogs at frequent intervals is the most 
effective and quickest control measure fr reducing both dog- 
livestock tansmission and dog-human transmission, 
‘decreasing egg production and infection pressure (Torgerson 
and Budke 2008). Managing dog populations to reduce their 
humers could help to reduce transmission. especially in 
‘conjunction with alher measures such as dosing dogs and 
stricter livestock slaughter practices 
fi) Vaccine (BG9S) agains ovine cchinoccecosis has been 
recommenced to control infection in livestock (Lighlowlers 
ct al. 1999). This vaccine i not uniformly effective for E 
_vanulosus intraspecific variants or genotypes. Additinally, 
there is no vaccine available for the definitive host (Craig et 
al. 2017) 

i) Vaccination in conjunction with other measures such as 
the inspection of animals at the slaughterhouse, improving 
hygiene practices and husbandry, regulated slaughtering at 
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huttors and proper dumping of fal ar useful in the control 
‘of hydatid eyst (Craig et al. 2017). 

iv) Health education of the general public and rural 
‘communities by increasing their awareness about the disease, 
clfors to change social practices including fencing of 
‘vegetable gardens to prevent access by dogs, avoiding use of 
raw vegelables without washing, improved sanitary 
‘conelitions in slaughterhouses and preventing access of dogs 
to raw viscera would help to control the disease (Craig tal 
2007). 


v) Modelling for CE 


‘Quantitative and qualitative forms of mathematical models 
provide a straightlorward means to estimating the infection 
pressure to unimals and humans (Torgerson and Heath 003). 
‘ip Surveillance studies describing the rates of infection and 
‘molecular investigations determining etiological agents at 
particular geographical areas are of primary importance 
‘while implementing a control program, Data sources from 
cpidemiological surveillance reporting livestock infections 
fad hospital admission data are of central importance 10 
initiate contol program (Crag et al. 2017). 

vil) An integrated approach combining vaccination of 
intermediate hosts and anthelmintic treatment of dogs is by 
far the most effective intervention to control CE (Craig etal 
2007). 


‘One Health Action and Implementation Measures 


‘One Health is « unifying concept which aims at achieving 
sustuinable alanee hetween animals, humans and the 
environment (ecosystems), signifying integration of these 
flements and that the human health is dependent upon 
‘casystem health (Fig. 4) 

‘A complete conte initiative taken under the umbrella of One 
Health requires reduced disease transmission and infection 
risks and complementing the regional chemotherapeutic 
Campaigns for disease prevention and subsequent contro. 
Unfortunately, no measures have been taken en any scale for 
dlsease prevention from the relevant authortis in Pakistan, 
Despite endemicity and considerable hospital records and 
animal infections, nothing has been done so far on any 
interventional front described by WHO to tackle NTDs 
including i) preventive chemotherapy i) innovative and 
intensified disease management ii) Water, sanitation and 
hhygiene (WASH) and iv) veterinary public health services 
‘One important aspect to be specifically foeuse is to break. 
the trnsmission ‘cycle of CE by identification of main 
reservoir species, climatic factors, areas with higher 
prevalence, routes to human infection and sociocultural 
Practices involved in disease dissemination. Once these 
factors are taken into account, targeted contr. programs 
based upon approaches given above can be designed to 
‘mitigate the risk of disease in endemic foci. Ideally search 


for new drugs and vaccine targets must also be earsied out 
since current anthelmintic drugs are losing ther efficacy due 
to development of resistance among the parasites. 
‘Additionally, trainings and workshops must be condacted for 
the healthcare professionalsiworkers to enhance their skills 
for disease management (NTDs are barely given 
‘consideration during routine medical examination in 
Pakisun). Improving basic sanitation, provision of clean 
‘water, management of slaughtered animals’ waste, regulated 
snimal slaughtering at fixed areas, regular deworming of 
‘dogs and health education of agrarian communities regarding 
tdisease and dog-contact can substantially reduce disease 
burdens and may result in sustainable elimination of CE 
(Metimood eta. 20203) 


Conclusion 


Cystic echinococcosis is endemic to Pakistn andno effective 
surveillance programs have heen implemented to monitor 
yearly disease prevalence in animals and humans. Due to the 
infectious nature of disease and adaptability to domestic 
hetbivares, CE control would require years of consistent 
flforts and commitments for complete elimination, 
Understnding the disease distibution, economic impacts 
and risk factors is critical while developing a control 
Program. Identification of research gape and definition of 
Priorities within the contextual framework of health 
Preparedness in Pakistan would be a suitable approach for 
these poverty-associsted diseases, Following the WHO 
roadmap guidelines for elimination of NTDs and optimizing 
strategies for long term eradication programs mst be 
prioritized by the heulth authorities. In the absence of 
sustainable efforts, i is highly probable that CE will remain 
in steady equilibrium in host animals maintaining its life 
‘ele between dogs and domestic herbivores and remain & 
hisance for human population, 
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INTRODUCTION 


‘The word ‘parasite’ comes from the Greck word's ‘para’ 
‘meaning “beside” and “sito” mening “Tood’, The organisms 
Jknown as parasites prey on and intra, injure their hosts after 
{elting food and shelter from them. ‘The parasites live in 
‘obligate association and get benefits such a5 ntti atthe 
host's expense, mostly without killing them. They use the 
energy that is otherwise required by the host for growth, 
development. maintenance. and reproduction and ultimately 
affect hosts survival Overstreet 2021), 


Fish Parasites 


Fish parasites belongs to various lasses and comprised of 
Protozoans,pentastomes, trematedes, —trbellarians, 
nematodes. cestodes, leeches, acanthocephalans, 
‘monogeneans, isopods, copepods, crustaceans, and lice 
‘Their life eycles range from simple, needing no intermediate 
host, to complex and indirect, requiring one or more 
intermediate hosts. Fish can act as primary, paratenic, or 
‘intermediate host inthe life cyele of parasites. Taking the life 
cycles of the identified parasites under inspection is very 
Important for effective treatment, For instance, merely the 
theroats that is free-swimming developing life stage of the 
ciliated cctoparasite,Iehyophthirius mulalis are targeted 
at and allested by chemical treatments (Hotiman 1999, 
Roberts et al. 2001). 


Diagnosis of Parasites in Fish 
All infected fish must be tested or diagnosed using 


appropriate data wich comprises an explanation of the fish's 
background fom the owner of the fish, an assessment of 


water quality an inspection of clinica indications, a physical 
lest, an analysis of wet-mount cytology of skin scrapes, 
hopsy of gills and gathering the fecal samples (Reavll and 
Roberts 204), 

[No specific indications of parasitic diseases in fish are seen 
but a group of symptoms may be observed. The general signs 
‘of parasitic infection include flashing behavior (sratching of 
hady on the boom of the tank or pond), sluggishness skin 
bruises along with loss of scale, sores, formation of mucus, 
fast opercular motions, gasping, decrease in body weight, 
‘osmoregulatory disturbances, and morbidities (Roberts et al 
2007) External parasites may be seen clearly on gill eytology 
Preparation and wet-mount skin of tranguillized fish, Internal 
Infestations of parasites can be diagnosed by creating a wet 
mount of fresh fecal samples, gross visualization of the 
parasite at the outlet, evaluation of blood smears, 
histopathology, and necropsy inspection (Roberts eal 2001 
Roberts et al. 2007), 


Protozoa 
Ciliated Protozoans 
White Spot Iliness 


Jehthvophihirius ( mulifiis. sometimes known as "white 
spot illness” or "ich." isa parasitic disease that influences the 
fish living in freshwater across the world (Hoffman 1998, 
Baker et a. 2007. Noga 1996). The fish without scales Le 

‘fic, is specifically in danger, cause this parasite can ive 
ina variety of temperatures and hosts. The systems that show 
‘overcrowding and bad status of water, causes mere tension 
and decreased immune functioning in fish, which in turns 
raises the fatality rate. 1. mulls can cause acute disease 
Which may lead to 100%e death rate (Noga 1996, Hadfield et 
al. 2007), The marine complement is Cryptocarvon ivitans, 
both simular elinical symptoms (Roberts etal, 2009). 


Life cycle 


‘The two parasites have a direct lie eycle characterized by a 
free-switnming infective stage (theront) which is sensitive to 
the treatment. The feeding stage is enclosed within a sic 
called Trophonts like white nodes. These Trophonts bust out 
fom the epithelium and tur into encysted tomonts having 
‘outer sticky capsules that atach to lifeless substrate im the 
‘nviroament, including gravel stones, nets plants, and many 
more (Baker etal. 2007, Longshaw and Feist 2001). These 
tomonts split, generating tomites that reach the nodule's Wall 
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torelease moving and dsease-carryng theronts. The disease 
‘causing theronts takes 48 hours to late a new host at 25°C 
{Stoskopf et al, 1993, Noga 1996, Longshaw and Feist 2001). 
‘The thereont crosses he epithelium aller obtaining a ost and 
transforms into a ciliated trophont. ehthvophthiius 
‘wansmission is through the aerosol scattering of infective 
stage (Wooster etal. 2003), Ich has a temperature-dependent 
Tite eycle. At 25°C, it seems to last in 310 6 days, while at 
15°C, it asts abut 10 days. At temperatures between 15 and 
25°C, disease occurrence is most prevalent, Compared 10 
Telthvophthirius, Cryptocarson ss longer lifecycle, hence 
‘ceded prolonged therapy (Roberts etal 2000), 


Clinical Signs 


Clinical signs include white, raised nodules up to Lam 
(0.5mm for Cryptocaryon) on the skin and gills (Fig. 2), 
flashing, formation of macus, sluggishness, shortness of 
breath, "secondary bacterial’ or fungal diseases, and 
‘osmoregulatory disturbances due to the epithelial and gill 
‘damage. Upon examination of gills under the microscope, 
hyperplasia, more mucus and tissue damage may be noticed 
(Reavll and Roberts, 2007), 


Diagnosis 


‘A wet-mount eytology of the skin or gills ix inspected to 
‘confirm the diagnosis. Ich is large sized parasite that is 
entirely covered in cilia, moves slowly and comprises of a 
‘nucleus that has dhe shape of alphabet C- ar horseshoe (Fig. 3) 
‘(Noga 1996) 


Ghiledonella 


Chilodonelia is the condensed, ciliated parasite with a hear- 
‘or onion-shaped meephology. Sriations that are evident an 
the parusites length confirmed the existence of cilia, 
Chilodonelia cae Nloaish in brackish water and an array of 
temperatures. is marine equivalent name is Brooklynella 
Frost, wich was found inthe Brooklyn Aquarium, Both 
Pasites can caute extreme tissue damage and serious 
sickness (Stoskopf et al 1993; Noga 1996; Baker etal, 2007), 


Clinical Signs 


CClenched fins, mottled skin, enhanced formation of mucus, 
secondary skin ulcers, proliferation and merging of the 
lamellae, respiratory instability (gapping. piping. opercular 
flaring. augmented gillig), hypertrophy, and high fatality 
rates are the clinical indications (Palmeiro et al. 2009) 
BBrooklynelliosis is fetal disease that is cause bythe ciliated 
protozoan Brookdyella hostile. The aficted fish use things 
to scratch their bodies, This parasite harms the skin and 
‘uses skin bleeding due toits adherence tothe skin and gills 
(Fig. 4) (Cruz-Lacieda et al. 2004), 


Fig, 2 White spo disease due tothe protzoan Jelthyophirias 
nits 


Fig 3: /huyopfhiris uli a wet-mouat observation) 
Diagnosis 


‘The examination ofthe wet mount prepared from skin and 
gills enables the parasite identification, On wet-mountin. 
Chilodenelia. demonstrates a gliding oc circling motion 
(Longshaw and Feist 2001; Weker and Gevet 2000). 
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Fig. Brookyneloss in Epnepielus tani showing excessive 
lsrupion and bleeding sin 


lg. 5;Chilodnetadiss 


Tetrahymena and Uronema 


Tetrahymena which is parasitic species of freshwater and 
‘Uronema which isthe marine species, are cls parasites that 
are the causative agents of visible gall and skin lacerations and 
‘systematic infections internally (Stskopf et al. 1993: Noga 
1996; Longsiaw and Feist 2001; Weber and Govett 2009), 


Clinical Signs 


Tiny white spots on the skin, sloughing, skin contusions, 
‘malfcemations in th gill and atopy are all indications of 
infection (Fig. 5). Fish that suffer from systemic illnesses might 
exhibit aonspecitie symptoms inchuding anorexia nervost and 
‘Sluggish behaviour. Aer the onset ofthe infection, the fish may 
dle instanily (Stoskopf eta 1993: Noga 1996) 

Tetrahymena, sometimes refered 10 as "guppy killer" or 
“guppy sickness.” is a pathogen that primarily affects 
cichlids, guppies. and other livebeares, It has also been 
reported that this parasite lives in aquatic organic waste 
{Stoskopf etl. 1993: Noga 1996), 

‘The Tetralymena's clinical signs are similar to Uronema 
infection. Tetrafymena infection can also cause muscular 
edema and periocular lacerations, ‘Due to the intimate 
relationship between the skin and the cornea, kratitismay 
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Fig. 6: Cryprocaro rite 


Fig. 7: White spots on boxy surtice of fish ineeted with 
Cpraceryon iritane 


also be caused by these protozoa and other parasites 
(Cyprocarvon, lohthyophihirius, Henneguya, and Glugea) 
(Williams and Whitaker 1997) 


Diagnosis 


\Wet-mount examination or immunobistochemistry’of the skin 
snd gill ussue are used to find parasites, In the event of deep 
fr systemic infestations, immunohistochemistry of the 
flected organ o tissue will be required (Palmeir etl. 2009) 


Cryptocaryonosis 


As sick fish exhibit few to many whitish or grey dats on their 
‘outer surface and gills, cryptocaryonoss is sometimes known 
as white spot sickness.” Cryptocaryonons is brought on by 
tan attack of Cryptocaryon iritans (Fig. 6) (Nagasawa and 
(Cruz-Lacierds 2004). 


Clinical Signs 


Whitish o gray marks appear onthe body and gills (Fi. 7) 
‘Anorexia nervosa, lethargy with abnormal swimming patter, 
‘dark body, bleeding, and protruded eyes are the indtations 
fof infection. Excess mucus is formed and fish scratches its 
body with objects (Nagasawa and Cruz-Lacierda 2004). 
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lg. 8: Cnprocryon iritans on gills of Cromepres alive. Fresh 


‘lg. 9: Browaish-back ests (arrows) on areacyana of digestive 
xg of Epinephelus avin 


Diagnosis 
Under a microscope, spherical parasites moving inside the 


‘host and mucus on the surface ofthe body could be seen (Fig, 
'8) (Nagasawa and Cruz-Lacierda 2008), 


Prevention Techniques 


Fish should be teated vith 0S ppm copper sulphate 
(Ca8O4) for 5-7 days with vigorous aeration while being 
‘maintained in freshwater. Every day. freshwater that's being 
‘used for treatment needs to be eplaced (Nagasawa and Cruz 
‘Lavierda 2004). 


Microsporidiosis, 


-Microspordiosis is brought on hy a microsporidian infection 
‘of fish. Microsporidia are protcena and endoparasites that 
‘nave been detected in China and India including Epinephelus 
‘auvina and Epinephelus species. Spores in the form of peat 
fare housed in minute nodes that sprout on the sick tissue 
(Nagasawa and Cruz-Lacierda 2004) 


Clinical Symptoms 


Fish with illness have enlarged bellies, Various-sized brown 
to black nodes might he detected in intemal organs and 
adipose tissue (Fig. 9) (Cruz-Lacierda et a. 2008), 


2.1.2- Sedentary of Sessile Ciliates 


Koi, catfish, and goldfish are among the fish raised in pends 
that commonly reveal sedentary or sessile ciliates in water 
thts rich in organic trash and dissolved solids (Stoskopf et 
al 1993, Noga 1996). in addition of being peimary invaders 
‘on skin uleers, several parasites can cause epithelial damage 
in some species of pet fish, Episrlis (previously known as 
Heteropolaria), Capriniana piscium (previously called 
Trickophyra), Apiosoma (previously known as Glessatlla). 
and Ambiphyra (called Seyphidia in past) are ameng the 
species that are often sighted (Noza 1996). 

Episylis leads to white, fulfy bruises on the borders ofthe 
fins and tail opercula, mouth and throat. Due to thei similar 
indications, these bruises may be mistaken for fungus or 
clumnaris sickness. Capriniana prefers ill tissue in 
Particular and eases severe respiratory impairment in sick 
fish through mechanical obstruction (Noga 1996; Longshaw 
and Feist 2001; Reavll and Roberts 2007) 


Diagnosis 


‘The methods adopted for detection of sessile ciliate 
infestations are wet-mount cytometry (Fig. 10) and 
immunohistechemistr of infested tissues (Noga 1996). 


Trichodina and Trichodinella 


Trichodina and Trichadinella species are two prominent 
cilisted parasites that may be encountered om aquarium fish 
keptin both freshwater and saltwater. Although some ofthese 
parasites will prasiize the urinary bladder er ovidac, most 
‘of these parasite strains have unique propensity fr iness 
in skin and gill epituelium. Malnutition, overpopulation, 
‘excessive organic liter in the water, and recent poor state of 
Water are the factors that are frequently linked to these 
parasites. The parasites are usually seen among pool fish ike 
‘goldfish and koi (Stoskopf et al. 1993: Baker et al 2007: 
Weber and Govett 2008), 


fe cycle 


Like in many other protozoan parasites, the life c 
dlrect, and reproduction takes place by binary fission 
Fomites and live plants added to ponds and tanks result in 
the introduction of Trichodinids into water (Noga 1996; 
Baker et al. 2007; Reavill and Roberts 2007; Weber and 
Govett 2009) 
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lg. 10: Apiowoou spp. (Wet-moun examination) 


Fig. Us Techudins sp. fren Epinephelas coiies: a) Oa body 
surface b) On gil lament. 


Clinical Signs 


Flashing, murky skin because of increased secretion of 
‘mucus, dermatological haematuria, frayed fins and tail 
sliggishness, and persistent fatality rates are all common 
‘manifestations of extreme branchial infections, The parasite 
thas been portrayed as a "scrubbing bubble” or flying sascer 
(Big. 11) (Noga 1996; Baker etal. 2007: Reavill and Roberts 
2007; Weber and Govett 2009), 


Flagellated Protozoans 
Amyloodinium ocellatum and Piscioodiniurn 


Is marine and freshwater tropical fish, parasic 
dinoflagellates (Amploodinium (A.)ocellatum and 
Piscioodinium) can be encountered. These two parasites 
resemble lehthvophihirius in terms of their life cycles, 
‘outward characteristics, and reactivity to temperature. Only 
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the dinaspore that is free-living is impacted by therapy. 
Elasmabranchs and teleosts can also get sick from A. 
‘cellatun (Noga 1996). Ithas been seen tobe transmitted up 
to three meters in active airflow systems, like 
Jeluhyophihirius through aerosol scattering of water drops. 
(Woberts-Thomsoa etal. 2006). 


Clinical Signs 


“The epidermis and gills are the more likely or inclined sites 
for invasion, and a large infection can result in edoema, 
enlargement, infetion-rlated redness, bleeding. issues with 
‘osmoregulatory function, ad necrosis in the gil laments. It 
is also referred as Amyloodioniesis, which is caused by A. 
‘ocellatwn. Other pathological changes, in combination with 
respiratory disruption, can be seen asa durkish, god look on 
the skin, That's why disease is also called so the named as 
"elvet sickness." "gold dust illness," and "rust disease” (Fig 
12) (Reavill and Roberts 2007) 


Diagnosis 


“The process of identifying the disease frm its symptoms is 
‘done by wet-mount cytometry or immunohistochemistry of 
the Skin and gills (Fig. 13) (Baker etal. 2007), 


Kchthyobodo 


1k was previously referred as Costia and is a microscopic, 

flagelated parasite of freshwater ish that is found worldwide 

ima diverse range of species. It isnot larger than the red blood 

‘el, The parasite may survive in a wide temperature range of 
30°C (Reavill and Roberts 2007). 


Clinical Signs 


‘Acute lung trouble, lethargy, sadness, ashes. anorexia, 
‘pith inflamamation and excessive mus secretion are fe 
‘ofthe clinical symptoms leading to fatalities. Death may occur 
Pir to any clinical symptoms (Reavill and Roberts 2007), 


Diagnosis 
“The diagnosis is made based on wet-mount cytometry. The 
‘organisms motion has been compared to that of candle that 
is “twitching” oc touncontrolled spirals (Palmeiro etal. 2009) 
MYXOZOA 

Myxosporea (myxosporidiosis) 

‘There are several families and subspecies in the class 
Myxosporea belonging to the phylum Myxoroa and the 


majority of which are ish parasites. Some types are well- 
known freshwater fish infections, Myxospored infections in 
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farm marine fish have been encountered moge often in recent 
years. One or more disease spreading sporaplasms, one oF 
‘more closures, and one or more bipolar capsules seem to have 
fan intemal polar filament helix. Whitling disease, PKD, 
‘sphacrorporosis, and ceratomysosis are the four deadliest 
illnesses that alfect freshyater fish, Whirling disease is 
‘cused hy Ayxoboluscerebralis(Alvarez-Pelitera and Siti 
Bobodilla 1993), 


Life cycle 


Ikwas proven 18 years ago thatthe myxosporean's life cycle 
inyolyes an intermediate oligochaete host. Thi information 
‘has made it easier to take care of the environment, such as 
using ceramic of plastic pools or tanks and regularly 
‘aniizing them to stop the growth of oligochaetes and the 
subsequent spread of illness, Consideration of the finite 
clfectiveness of current therapies like fumagilin and 
tollrazuril for miyxosporea and other species ix very crucial 
(Alvarer-Pelltero 2004), 
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Clinical Signs 


Pathological changes include spine bending. darkening ofthe 
hind portion of the body and irregular swirl swimming. The 
‘vulnerability of illness is variable depending on the species, 
but al salmonid species may be diseased (Fig. 14) (Alvarez- 
Pelitero 2004) 


Diagnosis 


The histological examination of the skull eartlage or their 
‘enzymatic digestion proceeded by a microscopical study of 
the characteristic spores serves as the cometstone for the 
diagnosis. Additionally, a PCR test can aso be performed 
(Alvarez Pelltero 2004) 


Proliferative kidney disease (PKD) 


Tetracapsuloides brvosalmonae. originally referred as PKX, 
has recently heen recognized asthe causal culpit, Although 
this myzosporean generates spores in a bryozoan host, but 
phases of this parasite that are without spores are found in the 
Kidneys of several salmonid fish. A death rate of 30-50% 
occurs because this highly dsease-spreading parasite can 
‘cause harsh sickness in rainbow trout (Canning eta. 1999), 


Clinical Indications 


Visible clinical symptoms are lly enlargement 
hyperpigmentation and bulging eyes (Fig. 15). Internal 
indications comprise the fact that one can sce enlarged 
kidneys and in more severe instances, cirrhosis 
Immunchistchemistry of the kidney reveals interstitial 
proliferation together with tubular degeneration and persistent 
systemic inflammater intestiial nephropathy (Fig. 16). This 
parasite also has the sie effects of poor dietary metabolism 
and depressed immune system (Canning etal. 1999) 


Diagnosis 


‘The macroscopical identification is based om the complete 
observation of increased size of kidney, Confirmation is 
attained by seeing the parasitic stages in histological sections or 
squash preparations by skilled examiners (Canning etal. 199) 


Spaherospora renicola 


“Massive populations of Spaherospora (renicola are seen in 
intense cultivation of eyprinids, primarily Cyprinus carpio. 
While spores and thir sporognic states are found inthe renal 
tubules, prolific phases ean travel va the eirulation of blood 
and inflame the swim bladder (Sitj-Bobadilla and Alvarez: 
Pelitero 1992) 


hers 


Fig. 1M: Whiting dese 


Fig. 15: Polyystcbidney disease 


lg. 16: Polyestc Kidney disease in Rainbow lode 


Clinical Signs 


While spores and their spore forming stages ae found inthe 
renal tbls, prolific phases can travel via the circulation of 
‘blood and inflame the swim bladder. The parasite S. renicola 
‘might be very dangerous. I causes ballooning, degeneration, 
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and epithelial deterioration in the renal tubules, which 
‘compromises functional status of kidney (Fig. 17). Junior 
cerps have swim bladder soreness as their swim bladder 
pihises mature, Fish can also exhibit certain pathological 
symptoms, such as abnormal movements and swimming in 
ring patterns (Alvarez Pellitero 200). 


Ceratomyxa shasta 


‘On the west coast of Norh America, Cerufomysa shasta is 
significant disease-causing agent that has led to significant 
losses in salmonid communities, bot in the wild and in 
‘captivity (Alvarez-Pellitero 2004). 


fe cycle 


‘This Myxosporean’s lifecycle has been shown to involve an 
intermediate host that ix « polychaete. For diagnosis, a PCR 
test can be performed (Alvarez-Plltero 200), 


Clinical Signs 


“The main organ infected is dhe imtestine, where parasites can 
he detected in the epithelium, causing tissue damage. 
hypertrophy, and lymphatic invasion, Severe complications 
‘of the illness result in the tansmission of the parisits t0 
‘certain other organs, anorexia. sluggishness, abdominal 
enlargement, ascites, and bulging eyes inthe fish. According 
to fish species there may be considerable fatality rates since 
‘vulnerability varies (Alvarez-Pelitero 2004). 


Enteromyxum spp. 


“Two species ofthis genus infect the digestive tract of il fish 
and are of pathological concern for marine fish with 
significant economic value, The myxosporean orginally 
referred as Myxidium leet but because of phenotypic and 
genetic research, it was renamed as Enteromysum lee It 
Produces the most important mysosporidios’s of cultivated 
sparids inthe Mediterincan Sea, that is now called 
centeromyxiesis. The vulnerability extent of the fish is 
significantly broad: seabass, mullets, Seiaenops ocellatus and 
Several marine aguarium fish, related to 25 species are 
infected (Branson eta. 199), 


Clinical Signs 


“Malnourishment and fatality are the two main outcomes of 
thie parasite's assault on the gastrointestinal system, which 
‘causes severe enteritis with permanent repercussions 
‘Therefore. the most extreme degree of slenderness, referred 3s, 
“knifefish,” fundamentally constitutes the clinical 
‘manifestations. Some stock losses, particularly in Diplodus 
punnazzomight reach ashigh as 80% (AlvarezPelltero 2004) 
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Fig. 17: Myxosporens in Kidney of Epinepilas malabaricas 


lmmuanchistochemical analysis ofthe intestine and ecognition 
‘of parasitic phases are dane for diagnosis of the parasite. So, 
the parasitic stages may also be observed in newly made 
smears by skilled examiner (Alvarer-Pelitero 2004). 


E scophtahleni 


Enteromyxum (E.) scophthal isthe parasite belongs tothe 
{genus Enteromysum and is mainly detected. in turbot 
Scoplthalmus maximus. E. scophtahlmi is x significant 
ppariste for turbot farms because it ean cause 100% tank or 
Poplin morality, which has « negative influence on the 
{evonomy (Redondo eal. 2002) 


Clinical Signs 


Anorexia nervosa, caguexia, droopy eyelids and a distinctive 
pronounced bony hump on the head are the exterior 
pathological symptoms of disease. At site of tissue damage, 
further findings include the accumulation of fluids in the 
colog,itestinal bleeding, and internal organ pallor (Redondo 
etal. 2002), 


Diagnosis 
‘The recognition of the parasite is specifically dane by 
microscopic examination of fresh smears and histopathology 
The use o PCR techniques limited (Alvarez-Pelitero 200), 
CESTODA 

Biology and Taxonomy 

Tapeworms are the endoparastes which are found globally. 
‘The bey of mature cestodes i lat made up of sticky scolex 
atthe apex. the part capable of growing called neck, and the 
Strobilus having different number of androgynous proglotids 
(Barker and Huntingford 1995; Barber etal. 1995) 

Life cycle 


The life eycle of cestodes always need a certain host and one 
‘or more intermediate hosts, Fish may bean intermediate hast 


for variable larval stages of parasites o asa main host. When 
fish is secondary intermediate host the larva af various 
tapeworms may have various tissue trpisms, but when fish 
isthe main host, the cestedes that alain dhe mature sate 
produced eggs in the gut of fish (Barber and Huntingford 
1905; Baber etal 2008) (Fig. 18) 


Clinical Signs 


Clinical indications extend fom no symptoms to 
sluggishness. persistent loss of appetite, decreased weight 
long term intestinal swelling, intestinal blockage, and harsh 
damage of mucoss. ‘The traditional zoonotic” infections 
feaused by fish tapeworms are diplogonoporiasis and 
dliphllobotbriasis, also called as ‘tapeworm  pemicioas 
nema’, Diphyllobothriasis is a situation which involves 
megaloblastic, —macrocytic anemia alongwith 
thrombocytopenia and leukopenia due to lack of vitamin B12. 
“This shortage isa consequence of more need of vitamin BI 
in the ATP formation reacties in Diphyllobothrium lum 
and D. dendrticum. Wis also. demonstrated in the larval 
tapeworms having the capacity to produce anaphylactic 
Feactions in animals that feed on contaminated fish meat. 
Similarly, the hypersensitivity reactions in humans have also 
heen suggested (Paladin eta 2017). 


Diagnosis 


‘Cestodes may be separated from the fish, cleaned and washed. 
in water and then fixation in formalin o¢70-9% ethanol is 
done. At this stage, the cestodes ean be kept preserved for 
long time. To examine the main properties of internal 
structure of proglttids und for attaining better perception 
‘of any disease caused by the parasite, histology ofthe mature 
tapeworms is beneficial. Mentification can also be dane by 
visual examination and wet mount preparation from feces 
(Palani etal. 2017), 


‘Treatment 


“To rca the infstion praziquantel is given orally at SO mg or 
one dose. ce 5 ta 12 gn of feed every 24h for 2t0 3 days 
‘Treatment shouldbe provided in an isolated tank so that the exes 
‘of died cestodes may not eater inthe tank (Plaine al 2017). 


ACANTHOCEPHALA 


Biology 


Acanthocephalans are distinguished by an invertible 
proboscis that is diferenly equipped with a sequence of 
hooks, the umber and aerangement of which have 

wlogenctical significance, They are alsa described as 
jorny headed” o "spiny headed worms. A junctional skin 
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lg. 19: Life yee of Acanocephals 


serves asthe body's boundary and because acanthocephalans 
are without a digestive membrane, they obtain their muition 
through the cuticular surface, They are hermaphreiti; males 
have diferent numbers of testicles, a copulatory bursa and 
"cement glands” that are responsible for closing the female's 
‘uterus alter fertilization, im accordance with the species 
‘(Kennedy 2006) 


Life cycle 


‘The mature parasite specifically dwells the gut of the main 
host. in which they undergo sexual reproduction. In the 
female the impregnated eggs grow to the acanthor stage and 
then eggs are secreted inthe feces ofthe host in water, When 
taken in by intermediate host, the embeyonated eggs emerge 
into an acanthella that afterwards enclose in a eyst in the 
tissue of host till a larval eystacanh is Hibeated (Fig. 19) Fish 
‘may behave like a paratenic host, for species like 
Acanthocephalus anguilla. Pish can also act as main host for 
Some species like Pomphorivnchus laevis in tout, A. 
‘anguillae in European eels, Angulla anguilla. and A. uci in 
norte pike, but ether piscine species may become a 
postcycli host. For instance, parasites are capale to live in 
the predatory host if they ingest a host infected with mature 
parasite (Kennedy 1999), 


Significant 


sthogens within the Group. 


Considerable pathogens inthis group include 
Acanthocephalus spp, Bolbosoma spp. Echinorhynchus spp. 
‘and Pomphorhynchus spp. (Palani eta. 2017) 
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Clinical Signs 


‘The clinical effect of the parasites dex not depend on the 
umber of parasites in the fish instead on the number of 
parasites to body size ofthe eel. The surface area of gills 
enhances significantly with the increasing body length 
(Hughes 1966) and the area of adherence also enhances with 
the size of host (Buchmann et al. 19896). So, there will be 
serious effect of only few parasites in glass eels and young 
fish that will result in no troublesome in large sized ccs 
“More infestations cause the eels to become shigpish and 
anorectic. The primary symptom: is reduced feeding process 
and the obvious mark of gill-dsease is tat the fish look for 
the surface of water because disease gills gt in less oxygen, 
When reach the utmost point eel rotate its upper side down 
and finally die (Woo and Buchmann 2012), 

“The is farms that provide uninterupted flow of water inthe 
tanks and bifilters, the diseased cls in them are incapable 
to be at their upper position in tanks and flow with water 
streams, This cause capturing of affected eels atthe outlet 
(Buchmann etal. 1988b). More mucus is produced due tothe 
hyperplasia of mucous cells which causes bushing or 
‘culgeling of basic gill filaments and attachment of gill 
lamellae with each other and with neighboring filaments. 
Bleeding can also appear duc to feeding of parasite and 
injection of hooks tclangiectasis are found in highly affected 
‘eels (Woo und Buchmann 201), 


Diagnosis 


“The gathered parasites are particulary freed from the tissues 
fof the host, These parasites are adhered ta the issue of host 
hy piercing necdles. After removing from the tue of host, 
these ae preserved in 70-95% ethanol for morphological and 
molecular-based studies, Brown et al. (1986) gave an 
‘explained method of collection, fixation, preservation, and 
‘examination of acanthocephalan. Alcoholfixed specimens 
fre cleansed with glycerol of stained with Mayer's acid 
‘curmine, for studying interal anatomy of these helminths. 
SEM may help in mapping and analyzing th lramework of 
the proboscis and spines on body. but histology works for 
‘exploring host-parasite relationships and the pathogenicity 
(Paladin etal 2017, Austin and New-Fyzl etal. 2017), 


‘TREMATODA (DIGENEA) 
Morphology 


‘These endoparasites longs to the phylum platyelminths 
sand have “complicated “nfe cycles. All of them are 
androgynous besides some types living in blood 
(Schistasomatidae) and some tissue attackers found in marine 
fishes (Didomocoidae). They are known as “flatworms”, but 
all species are not doso-ventrally fattened (Thatcher 2006), 
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Life cycle 


The mature trematodes live in the digestive tract, blood 
circulation or hypodermic connective tissue of vertebrates: 
The whole process of mating and ege prection take place 
in the hosts. The eggs are taken to the outside with host's 
feces or urine which burst im water after a short time. The 
Primary larval phase of trematodes is miracidium that is 
Ciliated and flats looking for a proper species of snail. Aer 
taining sna the miraciin enters into the body wall with 
the sid of i frontal penetration glands and reach the 
hepatopancreas. There it tums into sae-ike sporceyst ater 
removing its cilia, The third stage of larva called rediae is 
formed in sperocyst that ruptures in the snail's digestive 
land. Cercariae are then produced from rege tht liberate 
from bifth pores and leave the snail for finding an 
intermediate host or make encyst on vegetation. Theta of 
cercatiae is removed during eneystation and the resultant 
body is now a metacerearia, Sometimes, the main host is 
inhabited by cereariae directly, Species infecting the blood 
(Sanguinicolidae) and tissue forms (Didymozotdae) follow 
this direct way, while other fish trematodes get into the host 
in the form of metacrcariae (Fig, 20) (Thatcher 2006), 


Diseases 


1. “Blacke-spot disease” is the disorder produced when 
cercarive attack the shin and form encystation there. This 
fencystation is viewable to naked eye when host fish 
fceumulates pigment cells around. The metacercariae in the 
‘skin does not destoy the health ofthe fish, Sometimes these 
black spots are to much that they tur the fish unlikeable to 
the consumer (Thatcher 2006). 

2. “Yellow-spot disease” is the resembling situation. The 
‘metarcercariac ofthe family Clinostomidae cause this disease 
because oftheir yellow colar (Thatcher 2006) 

3. Eye Muke disease” is the disorder duc to the larval 
‘wematodes across the world, The larvae are observed moving 
around and in the eye of infected fish. No usual controversial 
‘reaction occurs, bu the worms interrupt the sight of fish. Fish 
‘an hecome bind and is preyed by piseivarous bids (Aton 
etal, 1960), Thatcher (2006) discovered that in Amazonian 
fish (Chaerobrunchus semifasciatus), larval trematodes can 
‘cause branchial carcinoma. 


Prevention and Treatment 


‘Snails and plans inthe environment of fish must be removed 
for a good and healthy aquarium, 

‘There is no feasible treatment for encysted metacerearia. The 
‘mature trematodes may be vanished from the intestinal tracts 
of fish by using Di-N-Butyl Tin Oxide that is combined with 
the rato of 0.3“ with respect tothe body mass and weight 
and is piven for one to five days. (Thatcher 2006), 


Monogenetic Trematodes 


‘The parustie flatworms oF flukes called monogenetic 
trematodes often reside om the skin of their ish hosts. The 
lore end browsing behavior of mouth and puncture of their 
salhesion organ both harm the host. They are known to he 
significant fish disease in aquaculture. Gyrodactylus “skin 
fakes" and Dacryloxyrus “Gill flake" are considered as the 
most prevalent members of this group (Emst et al. 2002: 
‘Ogawa 2002; Grau etal, 2003). 


NEMATODES 


Nematodes or roundworms are endoparasites having 
uunsegmented bodies. The mature nemtodes are visible to the 
naked eye. Nematodes affect various species of sh including 
Epinephelu coioids. E. malabaricus, Cromileptes altivelis 
and Plectropomus leopardus mainly prevalent in Indonesia, 
Malaysia, and Thailand. Common disease-causing agents of 
rnematods are Philometra sp, Anisakis sp. and Rephidascaris 
sp. They can infect the ‘growing or fingerling stages 
(Nagasawa and Cruz-Lacierda 2004) 


Clinical symptoms 


Dark red or black roundvworms (without segments) are 
auherent to the parenchyma tissue of the digestive organs 
muscles. fins, branchial chamber, and gonads of the ill ish 
(Fig. 21). Highly infected fish has faded and lean body 
(Nagasawa and Cruz-Lacierda 2004) 

Parasite disturbs feeding which causes less growth and boxy 
becomes lean. Muscular destrction of infected gonads 
‘causes sterility (Nagasawa and Cruz-Lacierda 2004) 


‘Transmission 


Fish is considered asthe min host for nematode parasites 
Mature nematode produces egg, which burst into free. 
swimming larva, that is ingested “by an invertbrate 
termediate host (Nagasawa and Cruz-Lacierda 2004), 


Diagnosis 


‘The parasites are examined by microscopic examinations 
‘The parusites are seen by operating the allected tissues. A 
mature Philometra sp. may grow up 10 20m in length 
(Nagasawa and Cruz-Lacierda 2004) 


copepops 


‘The copepods are ectoparasites of skin having sectioned 
shelly bodies (clearly divided bodies protected by shells) with 
segmented appendages. Copepnds alfect variogs species of 
fish including coioides, E.fuscoguttams, E malabaricus, 
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CCromilepesaltvelis und Plectropomus leopards. Common 
pathogens of the group are Cali epdemicus, Caligus sp. 
land Lepeophaheirus sp. They infect the small fingering 
stages (Nagasawa and Cruz-Lacierda 2004) 


Clinical Signs 


‘Taese parasites are translucent and don't remain adhered to 
the body and fins of fish. They can be seen as white patches 
(Fig. 22). The affected places lack scales and have bleeding 
tlcers. Clumsy body. sluggishnes, fish come to the surfuce 
toget oxygen, anorexia nervosa and excess mucus formation 
are the clinical indications. Highly infested fish may become 
Jean (Nagasawa and Cruz-Lacierda 2004) 


Prevention 


‘Water should be changed to impede diseases. Freshwater 
‘washing of 10-15 minutes, or chemical washing by 150 ppm 
Ihydrogen peroxide for “M0 mins should be established, 
Vigorous aration should be given tothe under-treatment fish 
(Nagasawa and Cruz-Lacierda 2004), 


Isopops 


Isopods have 10-50 mm sized body with shert sections and 
two eyes. The parasite is seen in Epinephelus(coioides and 
E-malaharicus. Rhexanella sp. i seen in E.coioides sopods 
infect the fingering stages of fish (Nagasawa and Cruz~ 
‘Lavierda 2004) 
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Fly 20: Life qjele of the 
pte uke Cina 
P arsinarany the yellow gus 


Fig. 21: Nematodes oo tissue 
ot digestive organs a) 
Plectopomis tepardis 
Epnepelus coloides 


Clinical Signs 


‘The parasite adheres the body surface, mouth, nasal and 
‘opercular area (Fig. 23) Fish shows less opercular motion, 
becomes anorexic, body becomes thin, less growth, and i 
serutches its body with aquatic objects, The stress of 
parasites’ body weight damage the fish tissue, ski layer and 
filaments of gill destroy. Small fish having high infestation 
slic in 12 days (Nagasawa and Cruz-Lacierda 2004) 


Prevention 


Physically, parasite can be taken off and smashed. Washing 
by 200 ppm formalin for 80-60 mins is recommended. The 
eration should be done and under treatment fish should 
remain in clean water (Nagasawa and Cruz-Lacierda 2004), 


LEECHES 


Lecches are ectoparasites having striped bodies, and pair of 
suckers that help in feeding and motion. The parasite eases 
sickness in Epinephelus Bleekeri, E. coioides, E. 
fuscoguttats, E. lanceolatus, E malabaricus and 
Cromilepresalivelis ete. Zeylanicobdella.arugamensis 
‘causes infection in E: coioides Small growing fishes are 
heavily infested (Nagasawa and Cruz-Lacierda 200), 


Clinical Signs 
“The black and brownish parasites adhere in small blotches oa 


infected locations like the body. fins, eyes, brachial and 
mouth spaces (Fig. 24), Diseased fish have ragged fins, 
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Fig 2: Calg copepods ike white latches on Cronies vl 


Fly, 23: lop aered on Epinepilas eos 


Fig. 24 Zelanicobdella arugamensis on opecular space and 
peti fino Epinephelaseowudes boalsock 


Fig, 25: Physical emoval of leeches attached to Epinphelur 
olldes using a wet eth 


bleeding and ivtation on adhering and feeding places of 
Parasites, anorexia, anemia, sluggish and slow motion and 
fish come to surface for aeration. Highly infested fish exhibit 
high fatality rate (Nagasawa and Cruz-Lacierda 2003), 


Pre-disposing factors are poor maintenance of facilities and 
poor water state. Transmission is from one fish to other. 
Ault leeches release from fish and put their cocoons on 
rocks, shells or vegetation. A cocoon has one egg that bust 
imtoa young piscicolid leech, which then adheres to a host to 
become adult. Aer putting cocoons, adult leches die 
(Nagasawa and Cruz-Lacierda 2004) 


From the water used for cultivation of fish, leeches can be 
climinated by filtration. Physically, moist piece of cloth is 
used to clean blotches of the parasite (Fig. 25). Washing with 
formalin for an hour and powerful aeration will remove 
prraste. The post treatment fish are transmited to clean 
‘water, Accessories used in cultivation mist be cleaned with 
lorine and placed in sunlight (Cruz-Lacierda etal. 2004). 


Some naturally occuring amoebae have the potemial to alter 
their behaviour and cause harm. Salmond gil illness has 
been inked to several forms of amosha (Nagasawa and Cruz- 
Lacerda 200), 


AGDis a condition brought on by the commensal, free-living 
amoeba. A significant issue in marine salmon farming is 
Paramoeha perurans, which causes gill dtericeation and 
‘death in infected fish. It has been viewed as the deadliest 
‘contagious disease and has become a ertical challenge for 
scu-caged Atlantic salmon and rainbow trout in Tasmania 
(Roubal etal. 1989; Munday et al. 1990: Bryant etal. 1995: 
Findlay et al. 1995). There have also been reports of gill 
amoebic illnesses in fish apart from salmonids such as 
European catfish (Dykova etal. 1998; Paniagua etal, 1998). 
AGD most frequently manifests at waler temperatures 
between 10 and 20°C, while it ean eceasionally happen in 
temperatures above average. Raised, multifocal, white 
mucoid patches on the gills of sick fish are signs of severe 
disease and ate sites of primary and secondary laminse 
cpithelial proliferation. Desquamation of the epithelium, 
localized problems with blood flow. and increasing 
alterations symptomized by irritation before this step 
(Dykova et al. 1995; Adams and Nowak 2003). The gill 
respiratory surface area is reduced or destroyed because of all 


the aforementioned alterations. Fish with AGD would 
experience severe catdiovascular abnormalities and acid- 
Tnute imbalances that would lead to abrupt cardiac 
dysfunction and death (Powell etal 2002), 


Conclusion 


There are numerous parasitic diseases around the world, 
Parasitic diseases are common in fish, and they can costa lot 
‘of mney tothe fish farmer, As some pathogens are zoonctic 
in nature, so aqua farmers, fish technicians and processors 
‘must practice good hygiene. Many diseases can be avoided 
‘with proper mangement and vaccinations. 


REFERENCES 


‘Adams MB and Nowak BF, 2003. Aniebic gill diseise (AGD): 
‘Sequential pathology in eutued Allatie salmon (Salm salar 
Laura of Fish Diseases 26: 601-614 

Alvarez Pelitro P and Sitj-Bobedil A, 1993, Pabology of 
‘Mynosporea in marine fh cule, Diseases of Aquatic 
(Oxganisms 17:20 

AvvarezPeltro P. 2008. Repo about fish partic diseases 
Tues ct Recher, Options Mediennenes 
CIHEAMFAO, Zaragoza 2004 103-130 

Ashton Netal, 1969. Temite start in fester Fish. Joumal 
‘ol Small Animal Practice 10: 471-47 

‘Austia B and Newa-Fyaul A, 2017, Diagnosis and con of 
iscass of fish nd shellish, Soba Wiley and Sons, New Yawk, 
Usa. 

Baker DG otal, 2007 Paras of fishes, In: Baker DG, elitr. 
Flynn's partes of Iortory animals (2% Ea) Hoboken 
(Ni): Blackwell pp: 69116. 

Basher I and Huningfotd FA, 195, The effet of Seistocephalus 
Solidus (Cesta Psewophsides) on the foraging and 
Shoaling behaviour of teeespined stickleback, Gasterateus 
‘eulenas Bohaiout 132: 1283-1240. 

Basher Let al, 1995. Te efet of hunger and cestode parasitism a 
‘he shoalngdocsions of smal feshwater fish Joumal of Fist 
Blogy 47: 524-536 

Barber Tet al, 2008. Growth and energetics in the stickleback 
‘Schiscphahus best-panssie system: a review of 
experimental infection sais. Bebuviour 145: 647-658, 

Bishop TM ct al 2003. Acyobiological aiboee) dissemination of 
he fish phogen Jehthephairias mils andthe 
Implication in fish heath munagement. In: Cheag Sheng L, 
Patcia OB, edites. Biosecurity in agusculue production 
‘fem excusion of pathogens and oer undesirabes. Baton 
Rouge (LA): The World Aquaculture Society p: S1-64 

Branson Ee a, 1999, Myxosporen infection casing ines! 
disease in farmed two. Scophibalnus maximus (L) 
(Teleose: Seophthalmidae), Soural of Fish Disease 2: 395. 
309, 

Brown AF et al, 1986. A key tothe species of Acanthocephala 
‘tase in Bris fester fishes, Juma of Fah Biology 
28: 327.364, 

Byant MS ct al. 1995. Immunogenicity of amoebicanigns in 
‘inbow wout Oucarhynchas mykiss (Walksuny). Fouaal of 
Fish Diseases 18: 9°19 


‘One Health Wiad 


Buchmann K. 1988. Feoding of Pseudectlogsrus_ bin 
(Monogenea) fom Anguilla anguilla, Ballin of the European 
‘Associaton for Fish Pathologists 8-79-81 

Buchmann K. 19806, Relations between hostsize of Anguilla 
‘anguilla and' the infection “evel of the monogeneans 
Preuodacsslogsrus sp, Jounal of Fish Bilosy 36: 599-601 

‘Canning Et al, 1999. Organism. the cause of Pk in Salmanid 
ish. Bulletin ofthe European Associaton of Fsh Patologia 
19,203, 

Dykova Lt, 1995, Amebicgilinfction of bt, Sepals 
‘masinus. Folia Paasitlopea 42: 91.96. 

Hadleld C et al, 2007. Emergency and etcal cae of fish 
Veterinary and Clinical Exotic Animals 10- 647-615. 

Hostman GL, 1999. Parasites of North American feshwater ses, 
2°'Ed, ithaca (NY): Come Unversity Press. 

Hughes GN, 1066, The dimensions of fish ils in eation to het 
function. Jounal of Experimental Biology 4S: 179-195, 

Kennedy CR, 1999. Post-eele Uansmision ia Pomphorynchus 
Tuevis(Acantoxepbala.Fois Paastaogica 46-111-116. 

Kengedy CR. 2006. Ecology of the Acanthocephala, Cambridge 
‘University Press, Cambridge 

Longshaw M and Feist S, 2001. Parse diseases. In: Wildgpese 
‘WH. edtar BSAVA manual of ornamental fish health 2" Ea) 
Gloicestee BSAVA, 

Munday BL eta. 1990. Paramoebic gill infection and asocated 
thology of Allan salman, Salmo salar and abo Wout, 
Salmo gatrdver, in Tasmania. In: Perks FO, Cheng TC 
‘iors. Pathology in Marine Science: Acad Pres, San 
Diego: pp: 215 

Nagasua K and CruzLacierda ER, 2008, Dissases of cultured 
“groupes. Aquaculture Deparnea, Soubeast Asian Fisheries 
Development Cente, 

‘Noga J, 1996, Problems 10-42 In: Noga Ector. Fish disease: 
‘agnosis and weatmest. St Louis (MO): Masby: pp 75-138 

‘Ovessueet RM 2021, Parasic diseases of Tishey and thie 
relationship with toxicants and eter envroomental faces. 
‘Couch JA. Founie IW, Menzer RE ears, Pathobiology of 
narne and estuarine orgunisms-CRC press, Fld, USA: pp 
TLIs6, 

Palani G et al, 2017, Parse diseases in aquaculture: thes 
ology, diagnosis and contol, Dixgnons and Conc. 
Diseses of Fis al Shllish 2017: 37-107 

Paniagua E et al, 1908. Effeus of tempers, salinity and 
incubation tine on in ia survival ofan amocba infecting the 
alls of tet, Scoplahamas mains L- Jounal of is 
Diseases (United Kingdom 

Reavill D and Robers H, 2007. Diagnostic cytology of fish 
Veterinary Cline: Exotic Animal Practice 10: 207-234 

Redondo MJ) ct al. 2002. Experimental ansmission of 
Enleromyxum scoptalini (Myxoza), an entre parasite of 
turbot Scophialus maximus. Journal of Parasioogy 8: 
A288, 

Roberts HE ct al, 2000, Bacterial and paras dscases of pet His 
Veterinary clnies of Noch America Exotic Animal Practice 
Ta.638 

Roberts-Thomson A et al, 2006. Acrsal dispesl af the fish 
thogen, Amyloadium oxelltum, Aquiculuse 2571-1 
118128, 

Roubal FR et al, 1989 Studies on cuted and gill tached 
Puramcha. sp. (Gympameba: Paramocbide) andthe 
<yloputhology of parinocbie gil disease i Adan salmon, 


Unique Scientific Publishers 


Parasiic Diseases of Fish 


Satmg salar L, fo Tasmania, Jourual of Fish Diseases 12 
awi92, 

‘Sij-Hobailla A snd Alvarea-Plltero P, 1992. Light and electron 
‘nicoscopie description of Spherospona chcentrarch ap 
(Myxospores: Sphserospordae) fom wild and cured sea 
‘st, Dicenrurehus faba L The Fauna of Proozoalogy 3: 
27324, 

‘Thatcher VE, 2006. Amazon fish parasies (Vol 
Publishers Sofia, Bulga, 


1), Pensa 


Weber and Govett P, 2000, Pursitology and necropsy of fish 
Compendium (Varley, PA) 3112) E12-E12 

Willams CR and Whitaker BR, 1997. The evaluation and weatment 
‘of common ocular disorders in tle, Jura of Exotic Pet 
Medicine 6: 160-169. 

Woo PT and Buchmann K, 2012. Fish pastes: pabobolopy and 
tection, Cente for Agriculture and Bioseience Intemational 
(CARD 


Unique Scientific Publishers 


Use and Abuse of Sorghum and Jequirity Plants in Cattle 


Received: Sept 23,2022 Accepted: Oct 15, 2022 


INTRODUCTION 


Sorghum was fist domesticated in Affica region and is now 
considered 35 an important cereal crop of dey land grown for 
animal fed, buman food, and various ether purposes on six 
fmtinents. Protein makes up 625% of sorghum's 
composition, along with oil 343.5%), ash (12-18%) 
carbobydrates (70-80.7 percent), and fiber 23-27%). One 
fof the carlest green” forages for animals who are 
Ieasticeding is sorghum. Sorghum that has been steam- 
flaked digests Organic Matter (114), Nitrogen (10%). and 
Starch (25%) more quickly during post ruminal digestion 
(Zinn et al. 2008) Iisa climbing deciduous plant that can 
‘et as tall as 6 meters. Although the seeds are deadly, there 
fare several medical benefits of using it, These ate sed as an 
‘emetic. irtant,abortifaciest, and contraceptive in medicine 
Catle eyes are treated with crushed Abrus rots when these 
‘get white. Alkaloids, phenolic, and flavonoid components 
extracted by using ethanol, chloroform, and petroleum ether 
fave been found to have antiiartheal and anti-erlity 
properties. The potentially lethal neurological condition of 
tetanus (Clostridium (C.) retani infection) can affect cate. 
Deep, neerotic wounds and postpartum metrts are the most 
typical symptoms of C. tetand infection in cattle. The 
clinical symptoms that precede death include rapid, 
irregular heartbeat, treating problems, restlessness. and 
fansiely since the heart and brain are the frst organs to be 
‘impacted by oxygen deprivation, 

‘The fodder previded to cattle can be poisonous too if the 
fodder is deficient in ‘water or faced draught conditions 
‘This may lead to toxicity to livestock followed by morality. 
Sudan grass and sorghum are two seprte groups of plants 
that produce cyanide, which can be toxic and poisonous 10 
livestock under certain conditions ie, water scarcity or 
drought. The plans which produce eyanogenetic plucosides 
fare also called cyanogenctic plants during their growing 


phase (Allright and Clive 1997). Giucosides are glucose 
molecules that hydrolyze and decompose into glucose 
sugars, when water is added. During the decomposition 
process of eyanogenetic plants, the cyanide breaks and loose 
from its chemical link and transtorms into the poisonous 
hydrocyanie acid often knovn as prussic acid and denoted 
by HCN. The previously existent glucosides and 
undamaged, stil-bonded cyanide are not very poisonous, 
nonetheless if specific enzymes are present. These are very 
‘harmal tbo animals and humans if plan's hydrolysis or 
‘chemical degradation enzymes are found together, It might 
he obtained from various sources. Digestive juices for 
‘example the HCI whichis already present in the gut may 
‘cause hyurolyss to occur (Nath and Sharanya 2021) 
Livestock toxicity by plants is often correlated to problems 
‘of management and ‘field conditions. Animals typically 
fgruze excessively when they are hungry. Overgrazing. 
Ccorralling. trucking, tailing, or introducing animals toa 
different range result in behavior changes. leading to 
Voracious caing of what they are offered whieh may lead t0 
toxicity. For instance, animals occasionally ingest plants 
like greasewood and lupine, and these are poisonens for 
animals i they eat too much ofthese very quickly (Forero L 
snd Nader G 2011) 


Sorghum Plants 


‘One of the most important cereal crops in the world 
sorghum (Sorghum bicolor L. Moench) provides feed, food 
fuel, fiber. and biofuclchemical feedstocks in a variety of 
cenviroaments and systems of production. Sorghum is the 
flth-argest cereal crop inthe woeld (Kerosvich etal. 2005} 
Sorghum is (a C4 plant) frequently grown in the semi-arid 
tropics, which ae prone to drought. Based on their capacity 
ty produce high yields in the field during drought 
CGrctmstances, many sorghum culivars that are drought 
tolerant have been discovered (Jagtap etal 1998). 

Sorghum is a grain and staple meal that can withstand 
droughts and is a good source of more than 20 different 
minerals and protein. Due to environmental and genotypic 
influences or interactions, the concentration of the protein 
and mineral elements content in sorghum varies (Gerrano et 
al 2016). Sorghum contains ach (12-18%). protein (6- 
250), oil (14-3.5%), carbohydrate (71.4-80.7%), and fiber 
(2.3-2.74) with 89.2 wo 95.3 dey matter based on the type 
‘of sorghum cultivated (Gerrano et al. 2016), 

‘Africans first developed sorghum, which is now a significant 
dey land grain crop used on six different continents for 
animal feed, human food, and other purposes. Sorghum ean 
Withstand heat and drought prety well (Lacy tal. 2006), 


= 


Tan Rashid S, Asirat R, Jamal F, Sanawar S, Zubair Z and Wakdar FF, 2023, Use and abuse of sorghum and jequirty 
plane in cate. In: Aguilar-Marcelino L, Younus M, Khan A, Saced NM and Abbas RZ (eds). One Health Triad, Unique 


‘Sentfic Publishers, Faisalabad, Pakistan, Vo. 3, pp: 194-20. hutps//dolorg/10.4727B8/bock oht/2023,95 


Sorghum and Jequirly Plants n Cattle 


‘An ideal system of cropping should be able to rapidly 
‘remove massive volumes Of nitrogen and allows countless 
biosolid applications throughout the season of growing. 
Crops that are produced for fodder. such as sorghum oF 
‘Sudan grass sorghum hybrids, ae likely to achieve these 
‘goals. Sorghum has an extensive root pattern tht is highly 
clfcient at scavenging nitrogen out of the soil and a very 
igh capacity for absorbing nitrogen (Pedersen etal 1995), 

Sorghum is a high-stundard genome reference and genetic 
‘model species of the PACCAD clade (Panicoiden, 
‘Arundinoidese, Chloridoidewe,  Micrairoidexe 
‘Aristdoideae, and Danthonivideae) for C4 grasses because 
ithas diversely variable germplasm, standard genomics, and 
genetic platform, a wide range of adaptations, and 
utilization as a forage, grain, bioenergy crop. and sugar 
(65M hectares) ona global scale. Sorghum is primarily 
self-pollinated, and its tractable genetics make hybrid/ 
inbred breeding, quantitative genetic study, and popilation 
{development possible (Mullet eta. 2014). 

Sarghum, the perfect crop for dry locations, is regaining 
popularity duc to its drought resilience and potential 
biofuels production (SORGHUM: A grain of hope, 2011). 


Concentration Table 


‘Sorghum fodder’ nutritional analysis has shown that tis an 
excellent source of nutrients with modestly high protcin 
fcantent and can be used as a viable green fodder to feed 
animals in regions with insufficient rainfall (Ramana DB et 
al. 2018). The nutritional analysis of sorghum has been 
‘mentioned in Table | 


Uses of Sorghum 


‘Sorghum is multipurpose crop in true sense as it has the 
potential to satisfy diverse human needs as well as animal 
dietary needs (Iqbal 2015) Sorghum is an excellent fed for 
livestock and companion animals (Rooney et al. 1982) 
Nowadays. livestock consumes around 48% of sorghum 
grains produced across the world (Dowling etal. 2002). The 
stem cin be utilized as a source of fuel, fiber. and most 
recenly as feedstock for cellulosi ethanol. The grain can be 
ted as food or as animal feed (Wang, Upadhyaya and 
Dwcikat 2016) 

‘Sorghum is either utilized whole or as distillers dried grains 
in animal feed (Ronda ct al. 2019). For dairy catle 
in lactation, distillers’ grains provide a useful source of 
energy and protein (Schingocthe etal, 2009). 

‘The feeding of sorghum grain seems to consistently boost 
stare utilization and milk protein and mille output (Theurer 
tal, 1999), The more starch is degraded in the rumen, the 
‘mere ammonia 1s incorporated into microbial cells during 
protein synthesis (Leng and Nolan 1984). Dairy cows fed SF 
sorghum ean produce more mill by increasing the fraction of 
‘microbial nitrogen and total nitrogen flow tothe dasdenum 


(Theurer etal, 1999). Sorghum is one of the oldest cultivated 
seen forages for lactating animals (Iqbal 2015)- 

‘To improve the nutrition, health, and performance benefits 
of foods and create functional foods, sorghum is utilized as 
2 food ingredient and added to other foods (Khalid et al 
2022), The post ruminal digestion of Organic Matter (11°). 
Nitrogen (10%), and starch (25%), as well as dhe total tract 
digestion of Organic Mater (8.3%), Nitrogen (82%), and 
starch (8.9%), were all increased (Phosphorus < 0.01) by 
Steam-flaking sorghum (Zinn etal. 2008). For a cow (450 
kg, $ kg millday) suckling a calf sorghum bran fed at 1 kg 
per kg milk with a base dct of sorghum stover is sulficient 
{Maabile eal. 2000) 

Phenolic compounds and fat-soluble compounds 
(polycosanols) extracted from sorghum are beneficial for the 
{gat microbiota and parameters associated to obesity, 
inflammation, oxidative stress, dyslipidemia, diabetes, 
hypertension, and cancer (de Morais Cardoso eta 2015). 
Sorghum meal is also a preferred feed ingredient by newly 
weaned dhiry calves and is considered highly palatable 
(Miller-Cushen et al. 2014) 

1k is an important source of B-complex and fat-soluble 
‘vitamins (Waniska et al. 2004). Its also @ source of a few 
minerals, proteins (kafirins, which have high levels of 
polymerization, extensive disulfide bridges, and strong 
Imteractions with tannins and starch, rendering. proteins 
resistant to enzymatic breakdown in the digesive tact), 
lipids, vitamins, and phenolic compounds (Bishanu 2021), 


Jequitity Plants 


‘The plant Abrus (A.) precatorius is a member of the 
Fabaceae family, also known a the jeuirty or rosary pea 
CChanoti, chirmu, rat, cham-Lkharosh, gunchi and rosary 
bean are the common names used in’ variows regions of 
Pakistan (Oladimeji and Valan 2020). It is a deciduous 
climbing plant that can grow up to 6 meters, and 
‘ccasionally up to 9 meters, in length. In order to support 
themselves, these stems wriggle over the ground and twine 
with other surrounding plants. To build necklaces and 
rosaries the vibrant seeds are frequently utilized as beads. 
‘These are poisonous, yet have & lot of medical uses. The 
extremely toxic chemical abrin, indole alkaloids, and 
anthocyanins are only a few of the medicinally beneficial 
‘compounds found in the seeds. Despite eing exceedingly 
Poisonous, these are employed in medicine as an emetic, 
titan! aborifacient, and contraceptive. The seeds are also 
hitter. “diaphoretic, expectorant, aphrodisiac, pargative, 
antiperiodic, and emetic. In many pars of the world, these 
have been crucial in the conjunctivitis treatment process. 
Glyeyrshizin and trace levels of the toxin abria are present 
in the roots and leaves, These are anti-allergic. anti- 
inflammatory, and expectorant, in addition to have calming 
llects (Dp etal 2021). The nutritional analysis of jequirty 
plant has been mentioned in Table 2. proximate and mineral 
‘composition of leaves in Table 3 and 4 and proximate 
‘composition of seeds in Table 5, respectively 
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Table 1: Nuviton analysis of Sorghum Plant (Ramana DB etal 
2018) 


Parner Tage 
Temicelulne oT 
ADL ASU 058 
Siti aies021 
Crude prin ine oar 
ADE GRTRE ONS 
Dry mutter dene 0.50 
NDF Joop 
Toul Ash guseo2t 
Calluione save 


‘Table 2: Conetraion Table (Garaniya and Bupa 2014) 


Pause Percentage 
‘re Prot FEO 
(Cre Fiber 2002000 
(Crue Fat, 6502212 
‘Ah To0s Lat 
Moisture 1.00 0.00 
‘Toa urbohytrste 6550232 


‘Table 3: Proxinate Composition of Leaves (Paul etl. 2013) 


Element Concentration g/100 
Catan Ca) Dre e020 
von (Fe) dalt com 
Potassiunv) 2ygoa 0, 
‘Magnesium (Me) 256520012 
Sodium (Na) de1020.us 
Zine 20) ov =00%9 
Copper (Cu) 07 £0004 

‘Tabled: Mine composition of Leaves (Pal etal. 2013) 
Parner Pescuige 
earbolnlate Tate 
Cre Protein y20% 
Nivog eae 
(Crude Fier 9.8% 


‘Table $: Proximute Composition of seeds (Das ta. 2016), 


Ele ‘ConcenvaionTgTEs) 
‘Magness My TH 
Cletus (Ca) os 
won (Fs) 213 
Potassiunv) uns 
Zine Za) as 
Phosphorus (P) 20 
sult), eit 
Rubidium RD) 40 
Suoatums (80) to 
‘Manganese (Ma) 3 
Copper (Cu) B 
‘Molybdenum (Mo) to 
Lead (Pb Lo 


Ethnoveterinary Uses of Jequirity Plant 


Jequirty Plant has been traitionally used for treatment of 
“illerent diseases in eattle. On affected arcas with swelling, 
pasted leaves of Abrus (A.) precutorius are applied until 
healing (Ishika 2015). Leaf of A. precatorius are aso used 


‘One Health Wiad 


to teat salvation from the mouth as traditional medication 
(Usha et al. 2016), Seeds of A. precatoris soaked in water 
for overnight and its paste give instant cure for any urinary 
trouble and in indigestion in cows (Bharaliet a, 2015). The 
roots of A. precatorius has been used to teat blood 
dysentery. Paste of root along with boiled rice is given t0 
treat dysentery (Deepa etal. 2014). Use of A. precatorius in 
cattle Tor the expulsion of placenta have been reported 
(Takhar and Chaudhary 2004). Crushed seed of Abrus given 
With jaggery in retention of the placenta. 12 10 15 seeds 
should be fed for placental expulsion (Bhatt et al. 2019). . 
pprecatorius have been found useful in curing eye diseases of 
cate (Abit and De 2010). When catle's eyes become 
White, the crushed rons of Abrus ar= applied. (Shivakoti 
2011). Alkaloids. phenolic and flavonoid. constituents 
‘obtained by ethanol, chloroform, petroleum ether extraction 
tre found useful as antiiartheal and antiferilty agent 
lanakiraman et al. 2012), For the treatment of masts in 
milk cov, roots of A. precatorius and Leonotis (L.) 
nepetflia (1:2) is made ito a paste and applied as a 
poultice on the mammary gland twice @ day for 3 days 
(Mandal and Habibur Rahaman 2022). Seeds of A. 
precatorius are also wsed to teat cattle Helminthiasis. For 
this purpose, pound seeds, or grinded leaves (O-4kg) mix 
with 2 L of water, or boiled. Method of preparation is 
maceration, decoction and then powder extract of seed 
Dosage for adult animals is 4-5 mature seeds, 2 sceds for 
calves or drench 200-300 ml to 50- 70 calves and adults 
(Matowu et al. 2020). It is also used for treatment of 
fractures in animals (Garaniya and Bupodra 2014). Seeds of, 
A. precatorius are used by Malaya tribes for neck infection 
(Selvaraj etal. 2011). For the treatment of anthrax, the 
sem hark of A. precuforis is pounded snd boiled in water 
With tubers of Curculigo (C:) orchioides, leaves of Vitex 
(V) negundo (each $0 g). garlic, and pepper (15 g). The 
resulting decoction is then administered orlly once « day 
for a week (Narayana and. Narasimharao 2015), Seed 
extracts of A. precarorius (20 mg) dissolved in drinking 
‘water is given nce daily for 4 days for the treatment of 
trypanosomiasis (Pragada and Rao 2012). Leaves of A. 
precatoriu is used traditionally for wound healing (Sehgal 
tnd Sood 2013). Crushed roots of A. precatorius are used ta 
treat cough, cold and paeumonia and seeds are used against 
‘constipation (Patil et al. 2015). Cows with an appetite loss 
te treated with a drink made from A. precatoriu seed and 
‘coconut cil (Guruprasad and Prasad 2019), Regularly, seeds 
af A, precatorius are crushed, soaked in water overnight 
tnd administered tothe animals in the morning through oral 
route for three days for the treatment of lack of estrus 
(Meena and Kumar 2015). For three to five days, young 
leaves of A. precatorius ate administered to grazing animals 
to teat mouth ulcers caused by feeding on very rough 
leaves (Joseph etal. 2013). To get rid of body lice, cows are 
fed with the crushed roots of A. precazrius (Ahmed etal 
2010), Leaves of A. precutorins are also used for the of Foot 
and Mouth Disease (FMD) treatment (Nair etal. 2017). 
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Activity against Pathogens 


Methanolic extracts of A. precatorius have good activity 
against veterinary pathogens Le. Clostridium (C.) sepuicum, 
Aspergillus (A) fumigatus, Brucella (B.) abortus, 
Salmonella (S.) enterica and Candida (C:) albicans 
(Sandhya Deepika D2 


Tuberculosis 


Bovine tuberculosis (TB) is a condition marked by the 
Progressive growth of certain granulomatous lesions oF 
tubercles in the Iympl nodes, lung tissue, of other organs, 
The cause of the illness is Mycobacterium (M). bovis. 
Nearly all warm-blooded animals, including bison and 
buf, are susceptible tothe disease, which can also affect 
‘ther bovine species. Not ll species are equally prone tothe 
iliness: some serve as spillover (end) hosts while others 
serve ts miaintenance hosts, Seeds of Abrus are used for the 
‘weatment of tuberculosis (Garaniya and Bapodra 2014). 


Tetanus 


Cate are susceptible to the potentially fatal neurologic 
disease known as tetanus (C_tetani infection). Tetanus’: 
clinical symptoms typically go unnoticed until the disease 
thas progressed to an advanced stage, at which point iis 
dificult to teat and manage infected animals, and their 
Prognosis is generally not good. Primary clinical signs 
Included erect tail, stiff gait. and prolapsed nictitating 
‘membranes also called prolapse ofthe third eyelid. Gram 
positive bacillus (C.rezani) produces exotoxins which are 
the cause of the neuroparalye syndrome of tetanus. The 
‘most common infection sites in cattle for C.tetan include 
deep. necrotic wounds, ether surgical or traumatic, necrotic 
lesions of the vagina or vulva following dystocia, and severe 
postpartum metrtis (Garber and Smith 2011). A. 
precatorius leaves are traditionally used to teat tetanus 
{Garaniya and Bapodra 2014) 


Muscle Relaxant 


‘To teat swollen joints and stiff muscles, mustard. il and 
crushed leaves of A. precatorius are combined and applied 
topically or wrapped around as a poultice (DeFilipps and 
Krupnick 2018). Activities of various pars of jeguirty plant 
is mentioned in Table 6, 


Sorghum Toxicity 


Sorghum toxicity has been seen commonly in Pakistan, The 
‘syndrome is reported in horses, sheep and catle. Atherogenic 
intriles suchas bet-eyan alanine, cyanogenic glycosides, and 
hitrates have een siggested as hisic calsitive agents 
(Francis and Charles Kenworthy 1915). The syndrome 


‘commonly develops in horses when they have grazed hybrid 
Sudan pastures foe along ime ranging from weeks to months 
tnd causes axonal degeneration and myelomalacia in the 
spinal cord and cerebellum. Sorghum toxicity is characterized 
by incoordinaton, eystiis, urinary retention and alopecia ox 
the hind legs due to urine seld (Doggett and Hugh 1970). 
“The urinary bladder dysfunction is related tothe spinal cord 
damage. The incoordination may progress. to paralysis. 
Deformities occur in the fetal musculoskeletal sytem and 
abortion may happen in the late pregnancy (Blaney et al 
2010), Although fetal toxicity isnot mostly observed in 
horses, the impact on reproduction is the primary concern 
Diciary supplements containing sulfur may be beneficial 
(Boyd t al. 1938), Pyetonephriis commonly results in death 
in affected horses. Antibiotic therapy is an option, but af 
ataxia as strted in, a fll recovery i are (Gear RJ 2007), 


Mechanism 


When first cutting of sorghum is done, and plants are 
getting ready for next growth, farmers usually de not water 
it due to which the wilted. young or stunned plants that 
develop large quantities of prussic acid (ie. hydrogen 
‘eyaite), which is dangerous for animals and may cause 
paralysis and death, The overcansumption of sorghum is 
resulted into the toxicity (Subrahmanyan D etal. 2008) 


Prevention: Sulphur (0.26-0.4%) is given in dhily doses 
for cattle and sheep when climate conditions are fayorable 
for wilting after a prolonged drought (Whitmore S 2004), 


Immediate Treatment 


Sodium nitrate 205% solution is given and immediately 
followed by sodium thiosulphate 20% solution as for calle 
snd half for sheep. This treatment is only beneficial f given 
(immediate basis (Subrahmanyan D et al. 2008) 


Hydrocyanic Acid/Prussic Acid Toxicity 


Hydrogen cyanide (HCN), also known as prussic ac, isan 
‘organic compound, Plants normally don't produce it 
However, cyanogenetic glycoside ‘cin be "sored in 
significant amounts in a number of common plants. In 
plans, cyanide is present into forms: 

Freeform thydrocyanic acid) 

Bound form (cyanogenic glycoside) 

Cyanogenic glycosides are accumulated insignificant 
amounts. Te following plant species frequently result in the 
Prussic acid toxicity in livestock: 


= eacia 
© Sudan grass 

© Sorghum-Sudan grass hybrids 
Sorghum halepense Johnson grass) 
© Sorghum spp (Brimer 2007), 


Unique Scientific Publishers 


‘One Health Wied 


‘Table 6: Dilfeseat pes of Exwacts ofthe pats of jit pls and ter activity (Das et al 2016) 


Pas fs plat “Type of Eich ‘Aan 
Tewer wer exact “Antflamary Seay 
Shoot methanol lari activity 

Lewes ‘ethan ‘once activity 
Roos se ad eaves Methaol and ptrolcum ether ‘Antibacterial Activity 
Lewes cetyl sce “Antsrokmenpie Activity 
Seeds Petusloum eer ‘Anticancer activity 
Leaves cecil acetate “Amtiserotmeepie Acsivity 
Seeds ucous exit [Nephroprteeive activity 
Seeds ‘than ‘Anti-oxidant activity 
Seeds ‘thaolicextact agucous exist ‘Aatiteity activi 

Red & white seeds Ethanol ‘Antari aetivity 
Seeds hexane chloofarm, methanol and water “Antsmirobialacvty 
Lewes hlorofet and ethanol Cytaoxie propery 


‘nove 


Uses of Segui plant 


—h,— 


Leaves Roo Sie ‘Stem Bark 
+ Painful = Dysenty “tadigsstion | | Anras 
Swelling syediseasey | | + Retention of 
+ Saatom fom | | Sti’ placeia 
Mont sen -Hsiminbsis 
‘wound ang | | £24 1 Neck Iton 
sMont ees | | 828 aig | | Trmmenominls 
+ Retand ipod ee + Constipation 
Mouth Diese Appi loss 
+ Frotie 
Fig 1: Ethooveterinry uses of equity Plant 
‘Toxicity symptoms typically appear 15 1920 minutes after Pathophysiology 


ingesting the poison. Death happens quickly. in acute cases 
‘within -2 hours after the clinical manifestations become 
apparent, or in around 2-3 minutes (Robson and Sarah 
2007). Animals are frequently discovered dead with no 
‘obvious clinical symptoms or signs, Because the heart and 
train are the frst organs to suffer from hypoxemia, clinical 
symptoms that appear before deuth include breathing 
problems, a rapid, weak, regular heartbeat, restlessness, 
anxiety. and depression. Other symptoms include salvation, 
bloating, terminal convulsions, and bright red mucous 
‘membranes (Carrigan und Gardner 1982), 

‘On the sis of clinical andor post-mertem findings, prusic 
acid poisoning is diagnosed. Additionally, the blood may 
appear bright red and poorly clot during post-mortem 
inspection. A few hours alter death, the blood will turn dark 
again, the muscles may be dark, and there may be 
Ihemorhages on the surface of the heart a well a in the 
‘trachea and lungs (Muvsel etal. 2018). brick red color on 
filter poper indicates the cyanide. The glycoside breaks 
down fo create free HCN when wilting, fosting. or tunting 
damages the plant cells. Physical disruption (ie, 
‘mustication) may also release HCN (Beasley DM ad Glass 
W1 1998) 


HEN/Cyanide containing compound > impairs oxidation 
(cytochrome oxidase enzyme system)  histotoxic anoxia 
‘dyspnea, convulsions emers and finally death (Beasley 
DM and Glass WI 1998.) 


‘Treatment 


‘© Establish oxygen transport at the cellular level 

© Solum nitrite @ 20mg/kg body’ weight LV (1 
af distilled wate ee normal saline) 

© Carefully repeated @ mg/kg every 2104 hours 

Sodium thiosulfate @ SOmg/ke body weight 1V 

+ Sodium thiosulfate @ 30g/cow buffalo PO (to detoxify 
remaining HCN in rumen) 

Methylene blue @ 4-22 mg/kg IV (if doubt about 
nitrate poisoning) (Subrahmanyan D et al. 2008) 


100 


Seeds of Jequirity (A. precatorius) 


A. precaterius cant be Found all over the tropical region. I is 
1 perennial vine with trailing twine that bears oval, glossy 
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red and black seeds along with yellow or red blooms. 
ewelry and necklaces feature seeds as beads. Seeds of 
precatorius possess & powerlul phytotoxin known as abn 
nis largely used by chammers or leather workers for eatle 
malicious toxicity. The decorated seeds are soaked in water 
find ground info’ mass, which is made into smal, sharp 
pointed spikes (hind. Sui or sult in local language) and 
hhardened inthe sun. For use two ofthe spikes are edged in 
a brick and inserted by their base into two holes a the edge 
‘of a wooden handle, A forcible blow is then stuck with the 
hhandle. driving the protuding spikes into the animal flesh, 
‘where they are lft, causing death in 18-24 hours. The ste of 
insertion is ingeniously selected so that symptoms are 
selected as according tothe disease prevailing that time. For 
cextmple, the checks are selected when there is outbreak of 
Ihemorhagic septicemia, in the hind quarter when black 
(quarer is prevailing. Sometimes, ether poisons like mad. 
arsenic, latex, aconite ec. are added to sui to augment its 
destruction action (Van Kampen 1970). In horse oral 
toxicity is characterized by; inappetence, violent purging. 
lassitude, shivering, in coordination and paralysis. In sui 
toxicity, there is local edema, anorexia, fever, later sub 
‘normal temperature, convulsions, coma and death (Soldin et 
al. 2001) In cate, saliva, nasal discharge, nausea, 
Vomiting, profuse hemorthagic diarhea with watery feces, 
‘casionally ulcerative lesions in mouth and dehydration 
stiffness of muscle, coordination, muscular spasms, ataxia, 
convulsions, trembling, paralysis, coma and death is 
‘common (Ballantyne etal. 1972), 


Emergency Treatment 


Gastric lavage is used to remove the toxin from the stomach 
as soon as possible. Then, activated charcoal, demulceats, 
‘and. saline purgatives ae used. In case’ of toxicity. 
Symplomatie and. supportive treatment is given to the 
‘animal, Ant-abrin serum, papain and HCL by mouth, saline 
purges and ate choline. Remains of sui should be removed 
and wound should be washed with KMNO, lotion. It is, 
‘casiered as the chemical toxicity. No specific antidote is 
available (Egekeze etal 1980), 


Aversion (Training livestock to avoid eating toxic 
plants) 


Ws crucial 10 comprehend the factors at play when 
heneficial forage turns into a toxic plant in ord to prevent 
toxicity. It might be challenging to make a definitive 
diagnosis of potential plant poisoning. Its crucial to be 
aware ofthe poisonous plants that are present wherever you 
{go and t know exactly which circumstances they can harm 
animals. When assessing disease and lost prection in 
cattle, toxic plants are one of the major contibators 10 
Financial loss forthe animals (Robila N et al. 2018). Toxic 
plants can aflect animals in many ways, including. death, 


conic illnes, debiltation, birth defects, decreased weight 
(gun, increased parturition interval, abortion and 
Photosenstization, Other factors to take into account 
include forage loss, addtional fencing, higher labor and 
‘administration costs, and frequent interference with the 
Proper forage collection, in addition to more evident losses 
By giving animals a certain food and then giving them 
femetics to make them fesl nauseous, itis possible to tain 
tnimals to avoid eating that food. The animal svoids eating 
the food since it tastes bad because ofthe disease it has been 
given, A proposed technique to stop livestock poisoning 
from attrictive and widespread “hazardous plants. is 
ceonitioned food aversion (CFA). Catle have been trained 
to avoid eating tall larkspur (Delphinium barbesi L Huth), a 
particularly troublesome toxic plant. However. in field 
fprizing  stuitions, a number” of factors affect the 
evelopment and maintenance of dietary aversions 
‘Animals’ capacities to acquire and maintain aversions may 
vary depending on their age and gender (Rosenberger etal 
1979), Suength of the aversion depends en the novelty of 
the plant and the severity ofthe produced illness. Animals 
are motivated to ty the avoided meal by social pressure or 
peer pressure, and the aversion ill vanish if i is mot 
reinforced. For cerain animals. it may be challenging to 
transfer the aversion they developed ia a controlled 
‘environment like a pen to a complex Vegetation community 
in the wild I these challenges can be resolved, CFA might 
he a use technique for lowering the risk of poisoning on 
rangelands with toxic plant infestations (Kellerman etal 
2005). In Pakistan, the majority of rangelands are heavily 
populated with toxic plants. Naturally. the majority of wild 
and domestic animals that graze on rangelands do not die 
suddenly after ingesting harmful plants. Grazing animals 
‘employ a variety of physiological o behavioral adaptations 
that are interconnected to lower the danger of poisoning 
(Durrani MJ etl, 2010.) Control strategies are based on: 
(1) Changing diet to avoid or redace toxicity ingestion 
(learning behavior) 
(2) Dilute the toxin by selecting a mixed diet (hunger 
reduce) 
(G) Allowing cyclical or intermittent consumption of a 
toxin (boost immunity) 
Aversive conditioning and random consequences, in wich 
snimals lear from the positive or bad elfects of consuming 
different forages, are essential tenets of these three 
techniques (Church and David 1991). Losses of domestic 
livestock prove that teaming is aot a perfect preventive 
strategy. However, with knowledge, the majority of 
livestock ean graze on ranges with hazardous plants and 
thrive (Yousef and Mohamed 1985), 


Conclusion 


‘The domestic livestock are more frequently alfeted by 
vosie plants than wild ungulates are hkely due to human 
‘management mistakes that often outweigh coping 
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INTRODUCTION 


Hip dysplasia is a condition which includes the anomalous 
cchange ‘of the hip joint. Previously this matter were 
recognized in human being by the father of medicine and 
Anatomy, Hippocrates about 400 years BC. Hip dysplasia in 
the canine species were caries ermed by Schnelle in 1935 
(Sehnelle 1935; BUIE 1947), More lately, this deformity has 
rarely been scen and detected in other animal, including 
bovine, equine and feline species and also inthe rabbits and 
dlingoes (Owiny etal. 2001). Hip dysplasia in dogs is caused, 
bby a numberof causes, starting with genetics. Larger dogs, 
like the Great Dane, Saint Berard, Labrador Retriever, and 
‘German Sbepherd Dog. are more prone to hip dysplasia than 
smaller dogs. This hereditary propensity can be exacerbated, 
bby elements like an excessive growth rate, certain types of 
exercise, an incorrect weight, and an imbalanced diet. Some 
dogs sar exhibit symptoms of hip dysplasia as early as 
Your months of age. Others have it concurrently with 
‘osteoarthritis ar they get olde, There area few indications 
that owners should be aware of im both situations. Depending 
fon the dsease's severity, the amount of inlammation, the 
amount of int looseness, and how long the symptoms have 
bheen present, these symptoms may vary. Hip dysplasia has 
heen i probiem for the dog. And these signs included 
decline in activity. reduetion in range of motion, a challenge 
‘or resistance climbing, leaping, running, or sai climbing, 
Lariness in the tail and "Bunny hopping.” swaying gait 
‘When moving there is grating inthe joint, reduetin in thigh 
‘muscle mass The shoulders’ muscles have a noticeable 
hypertrophy as a result of compensating for the back. Pain 
rigidity or limping, more than filly years ago, Schnelle 
detected the problem of hip dysplasia inthe United States of 
‘Ameria, however few cures were rewarded hy the breeders 
land researchers through the fist twenty-five years to salve 


this problem. Meanwhile, the problem has changed into very 
widespread issue in a large number of strains. This reality 
Fequisitoned for firm procedures of dominance thie ise 
(Combaire 2008), 


Pathogenesis and Symptoms 


Hip dysplasia is considered as a growth of a movable, ill 
fitting coxa-femoral articulation. In most of the cases joint 
laxity affects both limbs and infrequently one is include. 
‘The constancy of the hip joint is usually certain by the lax 
tissue that isthe association between the coxa acetabalum and 
the femoral head, like thigh muscles, jint capsule, and the 
‘major attachment ligaments (Karst al 2021), Furthermore, 
the steadying consequence for the hip joint is oecurred by a 
synovial fluid and the joint capsule. producing a vacuum-like 
space (Sevl-Kilimei and Kara 2016). 

Seanty constancy permits an exta or fewer acute 
dlisplacement ofthe head of femur bone out of the acetabule 
‘evity, mostly in the dorsolateral view, inducing a. partial 
luxation of diferent degrees until the total dislocation is 
happened for the joint. Joint dislocation make the body 
incapable of bearing the physiological weight as well the 
‘movement function within the articulation and overloading 
‘other certain parts in dhe body (Nakahara etal 2014), 

‘This stimulates lesions and erosion of numerous functional 
anatomical structures, like the articulation cartilages, 
attachments lizaments, bones, and articulation capsule. As a 
result, infection and deterieration of these tissues 
‘consequence in dhe arthritis and esteoporosis, finally leading 
to chtonic osteopathy. Thickness of joint capsule and the 
sever ruplure ofthe round ligament are seen, in addition to 
the loosening of the natural color of articular cartibige 
specially in the over loaded areas which display caps, 
destruction. and cburnation of subchondral bone in sever 
‘cantons (Lievense etal. 008), 

All these signs cannot be noticed only by the anatomical 
Uissection of the bone specimens but the x-ray of affected 
he i also needed for revealing the partial dislocation of hip 
joint. The partial dislocation afects the marginal edges ofthe 
Scetabular cavity particularly during the abnormal weight- 
hearing. All the fibrocartlages marginal edges became 
flattened and micro eracks can be observed in addition to 
forming of exostoses and osteophytes which is consider as 
the final frame of the coxa arthrsis. Leading to abies loss 
fof acetabulum depth, lately formation of fibrous tissue 
‘conser a main reason For making the joint cup very shallows 
(Lewis et al-2013), 
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Hip Dysplasia in Large Breed of Dogs 


‘The mushtoom-shaped deformation of the femoral head isa 
lear signs of hip dysplasia and the head ofthe femur loves 
its spherical well-rounded surface. With aging. the 
abnormality ofthe hip joint could be without any signs appear 
‘nd this malformation starts thickness ofthe femur neck due 
to the remodeling that occur and result in the adaptation of 
the acstabular cavity surface and the femoral head to improwe 
articular contact within the joint (Gulanber etal. 2006), 

‘One ofthe dominant sign isthe acute pain that produced by the 
imitation of extra movement and exercises, Cold,” wet 
‘aviccnmental conditions may worsen the pain, Other possible 
symptoms of hip dysplasia in dogs are lameness during 
‘walking and wolling afer the res time (Anderson 2011), 
(Other than the stifness of the limbs, dhe dog faces swinging 
‘of pelvis and disability to complete lifting of the hind limb 
from the ground. Animal also feel difficulties in climbing 
stairs, jumping over bariers and partial atrophy of thigh 
‘muscles, ae well ay the restriction in the range of motion 
(ROM) in the hip joint (Mabuchi etal. 2006) - Even still 
‘under anesthesia, the adduction, abduction and rotation 
‘movement is mostly painful and all these symptoms shown 
‘ecasomally, ut frequently turn out to be continuo later 
sage of the case. The researchers proves that there is 20 
linear relationship that links the thrce conditions ic. degre 
‘of pin, movement troubles, and the degree of morphological 
‘atiations inthe joint and this is what clearly noticed in the 
chronic degenerative athropaties (Todhunte et al. 1999) 


Diagnosis 


Mostly used tshnigu to dignone hip dysplasia in canine 
species in by X-ray examination, Neverthe, farther 
Trovetres foe dxgnons sich a8 stretching. flexion and 
Eros of the Beab ae tev to Wgpnes hip 
Splasin a the degree of joint lst, pain, twinge, ad 
‘ciency of jit aay eansider as ft signs of joint 
ssplasin and biol ace in new born puppy expecially 
‘oles the to ste fon ciel Covey fe 
Tadagoy te Lifting te fear ons aoc site 
the degre of scat ofthe femur hea an ls provide 
feed Hoowlalge about fist development (Clngil and 
$Tonpe-Varzs 1995. Kohn 2007) 

‘Varies cman total of 76, dg iene gs va 
6-8 weeks in both sexcx, vit palpation procure ander 
secs tol veswainel agin ater 10, pone. by 
‘aingrapy. The findings ere hat approximately a WF 
the dageat 8 weak of op the Kei yf fer head 
no exceed farther than 3 mm nd thy will have mld or 
seats hip ppl a age fee yor Cover. emer ih 
jaits wath Hig postal of 2 ct Ley sawed 
plainer in stat AD% of dogs. Ii also noticed tat 
‘ontretl ofp yp da gootsin bh young and act 
dogs through th pation technique hve sigh ato er, 
hence it shold be confined eh the sey exssnatin 
(Samiclson 1972; Evans 1989; Zhang eta. 2008) 


“The examination main peoblem i in the diagnosis of different 
‘degree of joint laxation particularly the mince degrees inthe 
‘maturation stage which can't he examined in growing dogs, 
and becomie possible only when the skeletal system reaches 
the total growth phase thus the frst stages of joint luxation 
tnd subluxation i dificult to discover, Hence the x-ray isthe 
better way for early diagnosis (Poy et al. 2000) 

‘Then, the suitable size ofthe X-ray film used is 25 em x 35, 
‘em and should be a high-quality film with optimum density, 
‘contrast and acuity as wel to pay attention to the condition 
‘of yielding the radiographic film through revealing and 
‘extending the leg, pelvis bones, and femurs, with the knee 
joint. The “fog-leg" ike positon i a radiographic postion 
Aescribed as the pelvis should held in symmetrically 
projection (Fries and Remedios 1995) 

‘The femurs should be stretched caudally and parallel that 
‘makes the knee to rotate inthe medial direction thus thatthe 
knee exp manifest centrally im the trochlear grooves. Highly 
quality X-ray films are of the greatest significance to evade 
false positive or false negative explanations. Therefore, 
correct standing postion is essential for finding any small, 
‘aration from the anatomical deviations considered within 
the normal limits for breed and age. The better positioning of 
animal makes a resting of skeletal muscles and helps the 
detection of joint laxity. It require anesthesia eithergeneral, 
snesthesia or epidural anesthesia forthe radiography of the 
pelvic joints (Peterson 1992), 

Is 1984 Schnelle announced sbout a classification scheme 
sggesting a new classification system which provide a 
‘variation of pathological results regarding the variety of ip 
dysplasia severity. The Orthopedic Foundation for Animals 
(OFA) in the United State of America published three 
ignificantly schemes giving the breed a number for 
evaluating the normal cases with following grades ic, 
Excellent “Good! and "Fat’ for conformation ofthe pelvic 
joints (Tadhuster etal. 1999: Foedyce 2002), 

‘The grades “Borderline Conformation’; ‘Mild’; “Moderate 
and ‘Severe’ Hip Dysplasia are not recommended for 
breeding, The Scientific Commitee of the Federation 
‘Cymologique International (PCD), in an effort to establish an 
International Certificate, compared the classification systems 
‘of their breeders" organizations and proposed a standardized 
‘grading system (Brass and Pantsama 1983; Peterson 1992), 
‘A scheme was explained in Britain just to restrict the hip 
‘dysplasia in German shepherd breed about ten years ago and 
particularly in 1983 this scheme extended to involve ether 
types of dog breeds, The scheme is classified and evaluated 
nine different aspects of hip dysplasia numbered fom "0" 
which means (normal) and “6” and that means (extremely 
abnormal). With aging, the esseous deformity oceur as an 
‘expression forthe hip dysplasia. The researchers (Freudiger 
etal. 1973; Bartolome etal. 2015) confirmed thatthe age of 
fone year consider as the typical age for radiological 
‘diagnosis in Germany and Britnin, The Scientific Committee 
ff the PCI recommended thatthe suitable age forthe laze 
breed dogs is about one and half year and further that their 
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taxonomy scheme valid to dogs between one and two years, 
may be adopted for older dogs hut the secondary aris 
variation have to evaluated according to the age af dogs 
{Stock etal. 2011), 

The age of 24 months has been established as the minimum 
age for evaluation the dogs bythe Orthopedic Foundation for 
‘Animals. Some dogs lok as semi-normal in the age of 6 10 
18 months but later they will show other signs of hip 
dlysplsia during the radiographic examination. These signs 
is consider as an appearance of minor arthritic modifications 
fad it easy to identify than insignificant grade of laxity. 
‘hut degenerative arthropathy can sometimes have other 
ancestries (Bouw 1982) 

‘The peri between 2-6 years old is the best time fr the final 
cstimation announced by the Onhopedic Foundation for 
‘Animals (Morgan and Stephens 1985). Henrigson et al 
(1966) found that variation due to age might invalidly be 
recognized to pelvic dysplasia after six years. In contrast, i 
the X-ray image is not considered as an acceptable standard 
then it may redace the diggnosis of few eases of moderate 
partial luxation in dogs one year old (Genevois etal. 2020) 
The long period of waiting delays the vital decisions about 
Irseding and selection of dogs for controlling of pelvic 
dysplasia, hence, the dogs should be marked by a clear sie 
fom the panna that night bea eters or numbers in adit to 
‘marking the radiographic film. (Olerh etal. 2019), 


Genetic Evidence 


‘Such as color and height and most ris that involved under 
the Mendelian laws of dominant and recessive genes. Hip 
dislocation progresses under a group of composite genes 
‘ction and is difficult to know their heredity transmissice 
‘and understand it according to these laws. Presently iis hard 
to figure out how many genes that involved in hip dysplasia, 
nonetheless there are large number of genes (Zhang etal 
20419; Alsada ta 2020), 

‘Thus, pelvic dysplasia is considered as a quantitative 
character with constant diversity between the sound joint and 
the worst alteration, that of lasting dislocation. Hip dysplasia, 
is confirmed by many statistical methods of popolation 
‘genetics as a polygenctic trait (Bartolomé et al. 2015) 
Polygenctc difference is specifically determined both by the 
‘addition or the combination of genetic factors. There ae two 
heredity traits. additive and non- additive heredity and the 
Aadtive heredity traits tur out to be more obvious according 
to the number of current genes (King 2017) 

Meanvshile, non-additive heredity doesn't depend on the 
‘number of genes very much but depend on 

‘combinations. The last revealed gene group 
affected by selection: only genes are inherited, nota set of 
them (Ohlerth etal. 2019), 

‘The sclection process will be successful only when the 
dissimilarity of the features rely on the additive action of 
genes. The genetic pater forthe parents can be proven only 
bby statistical methods that might represent a suicient 
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number of descendants. The additive gene inheritance 
showed thatthe significant role that played, and that what 
‘obtained through the selection in contradiction of hip 
dysplasia (Stock et al. 2011; Gaspar et al. 2016). 

‘The progeny can be enhanced ifthe canine breeds that have 
sn average small figure of genes for positive tris are bred 
‘with alike small transporters of these genetic factors. After 
long period of selection in the large breed dogs such as 
German shepherd dogs, it is be expected that heritability 
process will be reduced by decreasing the additive gene 
Yariation (Guo et al. 2011), 

[In audition to thit some impacts of non-additive gene 
‘combination also exists, revealing that the approximation of 
hip dysplasix heritability in German shepherd dogs Hluctsted 
from 20-60% (Henrigson et al, 1966 : Leighton et al. 1977 
Hedhammar eal. 1979: Stock etal. 2011), 

‘The variation be determined by the dog groups examined and 
the procedures that applied. Ik was proven that some large 
brood dogs which rarely suffered from hip dysplasia, may 
also have small ratio of additive genetic variation and lesser 
heritability (HHenrieson and Olsson 1959: Hedhammar et al 
1979; Van Der Velden and Brooymans-Schallenberg 1983), 
‘The basic reasons that have been suggested for the wide 
spreading of hip joint dysplasia could be chosen for other 
‘characteristics with potential heredity links to hip dysplasia 
‘The extreme angulation for the hind limb, oblique croup. 
defective character, and oddity. have been conferred 
nonetheless needa confirmed research (Kaman and Gossling 
1967; Hedhammnar etal. 1979 ; Steiger 2007; Guo etal. 201: 
Anderson 2011), 

‘The characteristic tits of hip dysplasia which is considered 
as one of Quantitative hereditary characteristics, are affected 
hy diferent grades through environmental factors 
(Gastasson et al- 1975; Belfield 1976; Hedhammar et al. 
1979), Example include obesity. extra protein and calcium 
intake and high energy dict, rapid growth rate and excessive 
‘exercising (Bouw 1982:Pries und Remedios 1995). 

Many theories revealed that the environment and climate 
‘canto, syle of life and dict might ialuence on the hip 
‘dysplasia dscrder but in contrast other thecrics contested these 
facters but without genetic predisposition for some breeds of 
dogs. environmental stimuli alone will not form the hip 
«dysplasia in these breeds (Hedhammar 2007; Peterson 2017), 
‘The continuous selection process for different large breeds of 
dogs eg. Boxer, Roteiler. Hovawart, Golden Retiever, 
Dobermann, Newfoundland, Great Dane, Jeonberger. 
‘German wirehtired pointer and German shepherd dogs in 
Germany proven the saccess of individual genotyping 
however it was not determined easly (Adams etal. 2000: 
Alsada Alwaeily et al. 2020) 

Although from some dog's breeds that appears to be free 
from the hip dysplasia, the polygenetic mode of inheritance 
rakes it understandable. Within ten years the hip dysplasia 
in dogs that were free from this disorder, raised from 10% 10 
25% and continuously rising (Muller and Saar 1972; Van Der 
Velden and Brooymans-Schallenberg 198%; Lattimer 1995). 


Unique Scientific Publishers 


Hip Dysplasia in Large Breed af Dogs 


The results of strict selection Leto the strains with a inferior 
rate of the dominance of hip dysplasia, which was mating 
‘only with dogs free of hip dysplasia showing aoemal and 
better shape, One of the most important breeds that were 
selected from among other different breeds that vas 
cvaluated where all of their radiographs forthe hip dysplasia 
that was taken Irom strict program of the German Shepherd 
Dog Club (SV) since 1967 (Miqueleto etal. 2013), 

Ie showed a largest number of radiographic images that 
‘exumined aret 4, 774 unt the end of 1987. In 1976, the dogs 
categorized as “normal”, “near normal" (marginal), “still 
accepted” (moderate-<ysplasia) and this German Shepherd 
lsod have been yearly evaluated regarding to this ealegory 
(Runge eal. 2010). 

The category that named “A" stamp, this German Shepherd 
brced classified as an oficial breed without restricted Files 
Just dogs that suffer from extreme hip dysplasia were be 
‘disqualified from reproduction. Annually the percentage of 
‘mating is decreased forthe puppies that suffer from mild hip 
dysplasia which is forbidden to any breed of dogs not 
carrying the "A mark, and that make most of breeders to be 
interested to choose the individeals with normal or semi 
‘normal condition, according to the available rich genetic 
information. Add on to easily accession and know all the 
histy of strains (Genevois etal 2020), 

[1967 the scheme has been shown to progress and achieved 
the rate of dogs lacking symptoms of hip dislocation raised 
‘up to 20% over ten years. AS well 3s a miner increase was 
‘noticed inthe semi-normal type besides and a decrease inthe 
simple and mild types. Some certain radiographs wath the 
features of mild to moderate hip dysplasia. already identified 
by a specialist veterinarian, were ot seat for authorized 
cstimation and major documentation (Henrigson etal. 1966). 
‘An article shows that this ratio might be 15". The point that 
the cases of mild hip dysplasia illness dropped meaningfully 
tbsp the Bearing to significant upgrading in pelvis joint 
‘modulation in the species. Hence, subsequently itis not, 
‘complemented thatthe recurrence revealed is demonstrative 
ff the whole German shepherd dog population in West 
Germany (Brass 1989; Migueleto et al. 2013), Similar 
direction was noticed in German shepherd dogs in Paris, 
Finland and Switzerland all used the same agenda that 
‘recommend by the PCI (Brass 1989 ; Genevois etal. 2020). 

To acquire the whole emsoval of pelvis dysplasia mcans sn 
‘uphill struggle. Constant choosing ofthe perfect constitution 
makes the genetic will at a low level, postponing the 
realization of this goal. The suitable pelvic position of 
‘offspeing copolaton, pareats and ancestors is ahopeful anset 
and the descendants analysis is extremely suggested 
Hedhammar eal (1979) recommended the caleulation of at 
least thirty dogs that were selected randomly ftom groups of 
the progenies of five to 10 liter. 

However, Freuiger etal (1973) measured the estimation of 
the pelvic joins of at east eighteen canine from three r more 
Titers, for the testing of sires, Hip dysplasia. can be 
transmitted fom progenitor tothe offspring depending on the 
‘male and female genetic map, 


‘The progeny program taking a long period of time 2s well 
high budget for the selection of high-quality breed. In 
sadition to this process consuming time exceeded of two 
‘diagnosis result, heritability and selection factors are related 
because phenotypes with higher heritability wil cause faster 
change when the same selection pressure Is placed. Hence, 
the males dogs (sires) that own high awards clearly have a 
higher impact on the breed more than the females (dam). 
With over half the population of domesticated dog breeds 
beng affected by hip dysplasia, new methods for abating this 
dlisoeder need 10 be done, Carboblrate sulfotransferase 3 
SSbroncetin 1, and fibril 2 are three very recently mutated 
genes that showed in a modern researches about pelvic 
‘dysplasia (Reagan 2017). 

{twill be very helpful ifeach owner support the breed control 
Programs, because of the high percentage of wrong and 
negative data that obtained during the procedure af hip 
palpation in dogs suffer from mild or extreme hip joint 
dislocation, thus the researchers recommendation ae to use a 
plans fora future genetic alignment which depend on major 
documentation of all observed individuals of a dog breed 
beside of using radiographic assessment to adequately 
‘evaluate hip condition and electronic data-processing may 
afer indispensable information (Gina etal 2010), 


Conclusion 


ip dysplasia in canine species consider asa one ofthe most 
painful, polygenie and heritable disease. is symptoms are 
<learly obvious and showed as an anomalies in hip joint due 
to wrong position of acetabular cavity and the head of femur 
ne. The period of this disease starts atthe third week in 
predisposed dogs. Thus, in conclusion, by looking at the 
[Rene components of hip dysplasia, most newly articles and 
Feserches proved that there are three main mutated genes 
responsible about the appearance of hip dysplasia. So the 
researchers can possibly discover some moder methods to 
fix these mutations that could occur, Por the owners and 
breeders, DNA tests are obtainable to hypothetically 
recognize the mutated genes before breeding and the 
‘environmental factors also affect canine hip dysplasia, so dog 
‘owners need 10 have the proper knowledge about their 
‘cnine(s) 10 ensure that they are feeding them a proper die 
and giving them the appropriate amount of exercise. as well 
86 using radiography method will improve and help the 
breeder during the pedigree selection. Estimation process for 
hip joints will ke yery beneficial method and economical for 
breeders and owners of dogs in addition to provide a healthy 
life tothe dog by reducing the stress of more severe and risky 
‘operations, 
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INTRODUCTION 


‘A common word used to describe the types of social 
attachments that frequently develop between humans and 
their pets is "human-animal bond”. Many animals, for 
instance, lab rodents, working horses, dogs, and dairy goats 
are not usually recognized as pets because they ae raised for 
4 purpose ie, the goats are used for meat and mill 
production. Irisnot comfortable fr humans both morally and 
Pavehologically to avoid the hencticial aspect of these 
‘animals (Davis and Balfour 1992; Serpell 1996). 

‘Haman-pet bonds are quite common and favoured, Various 
estimates show that Americans own about 80 million eats and, 
75 million dogs as pets. m addition to millions of birds, 
repliles amphibians. and fish. According to a 2012 survey. 
Approximately 63 percent of US Families have a least ne pet 
and 45 percent have more than one pets. The figures in the 
European Union are ikewise showing about 60 million dogs 
and ¥0 million cats. According to the 2014 Euromonitor 
International the numberof pets in developing countries such 
as Brazil, Thailand, and Turkey are rapidly increasing. 
‘Although pet ovmership is probably more popular tay than 


ithas ever been, this fascinating human behaviour is ncither 


‘modern nor limited to mere afluent, "westernized” societies 
(FEDIAF 2014) 


In the excavation at a pre-Natufian cemetery in Jordan, 
almost 14 to 17 thousand years old pet fox were found ured 
With a human boxy. This archaeological proof provides 
information on emotional relations between humans and 
animals from a long time ago (Maher et a 2011). This 
archaeological evidence is also found around the word, for 
‘example, 12-4-thousand-year-old human and dog remains 
‘were found in Israel and Germany, and a fossil of a 9.500- 
‘year-old cat and human was discovered inthe Mediteranean 
island of Cyprus (Davis and Valla 1978; Vigne et al. 2004: 
Morey 2006) 


Cultural Perspective 


Pet keeping among hunters and horticulturists is a routine 
matter rather than an exception, as per many explorers and 
anthropologists. Hunters typically capture these pets as 
‘young animals, which are then cared for by their entire 
families. Animals, especially companion ones. are the source 
‘of emotional support for their humans, ‘Tae emotionally 
attached person to his pet gives all the facilities to the pe. 
‘The owner also gives a proper burial when the pets dic. And 
thistime is also very ough forthe owner to get over it. There 
fare also some social taboos against some animals kept as 
pet. There are also some strict rules against the unethical 
[illing of animals forthe social well-being of man. The eating 
‘of animals that are selected as pet is also probibited even if 
their meat is normally consumed (Simoons and. Baldwin 
1982; Serpell 1989: Erikson 2000). 

Animal domestication hegan because of the widespread 
Practice of keeping pets in. pre-agrarian communities, 
according to several writers (Galton 1883; Sauer 1952) 
Most forms of physical intimacy between humans and 
animals appear to have been morally dabious throughout the 
medieval and early modern periods, and the habit of keeping 
pets only as companions was also often prohibited 
(Salisbury 1994; Serpell 2005). In some situations, 
‘engaging’ in human-animal relationships could lead t0 
‘charges of witchcraft (Serpell 2002). 

Pet ownership was nota piece of cake. Before the modern 
petiod, only the elite and upper classes could afford the 
‘ownership, but after the moder peri, the urban middle 
‘lass of Western society have their pets which resulted inthe 
spread of pets into various sectors of society. This if in 
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thoughts and conduct toward animals can be partially linked 
tothe constant influx of Europeans and Americans into urban 
areas from remote regions at this ime. There is no longer 
‘need for value systems that categorize humans and non- 
Ihumans into distinct moral spheres because of the urban 
‘migration that tends to exclude larger segments of the 
population from actual participation in the consumption of 
animals (Serpell and Paul 1994). 

Pets are alsa used for many therapeutic purposes as they are 
‘tool to test he efficiency of a drug. The York Retreat was 
the first metal institute im England that use animals a tool 
in the eighteenth century. Inthe Vitoria er, pets became a 
‘more pronounced subject 0 be used in British mental 
instiutions. John Locke (1632-1704) was an English 
‘Philosopher who use animals to develop a sense of empathy 
and responsibility in children by alloting a pet to everyone 
(Serpell 2011), 


Moral Code of the Animal-Human Bond 


‘The evolutionary istory shows that the use of animals as pets 
and companion animals is not so commen (Serpell and Paul 
2011). A recent study shows the estimate of expenses to have 
4 pet dog in America is almost $17.500 to $93,500 which 
foits daycare, medicine, and dog walkers, And to have a cat 
as companion animal, the owner has to pay almest $17,000 
for its care throughout its life. On average Americans spend 
‘$50 billion a year on the heals and well-being oftheir dogs, 
set it can be challenging to find oe quantify any clear benefits 
ores Magazine 2014), 

Hiaman-pet ties seem to be common, regardless of the fact 
that whether our attention is cm funters of cm homeless 
persons leading hard ives on the streets (Rew 2000; Taylor 
tal 2004), Darwin's theory explain natural selection based 
fn the maintenance and spread of the behaviour of humans 
This theory focuses on the survival ofthe fittest, hence the 
lack of uty which explsins pet ovmership isa big challenge 
to biologists and psychologists (Hamilton 1968: Williams 
1966), 


‘One of the major challenges faced by the concept of the 
anmal-buman bondi the ving costo the pet in the owner's 
pocket with no vivid benefits and some potential harm tothe 
‘owner or his family members. Tis theory states that pets ike 
dogs, ats, and many ether companion animal are ik social 
parasites which take too many advantages from the ower ia 
the form of shelter, food, and medication (Fig. 1), but don 
‘comply in returning the favour to that extent. Also cited as 
roof of selection fr phenotypic qualities that improve these 
finials’ capacity to elicit human parental responses are the 
tiny size, neotenic face features, andinfamilized behaviour of 
‘many canine breeds (Archer 1997) 


‘The social parasitism hypothesis, though challenging to 
disprove, assumes that pet owners must either be at a 
‘competitive disadvantage with non-ovsners or that the fitness 
‘costs of pt ownership are insignificant in comparison to the 
Fisks of being overly selective when it comes to potential 
pental care recipients. The relationship between two 
individuals in which both get the benefits is called mutualistic 
imteraction between them ic, the coral reef fish and tiny 
cleaner wrasse. The Labroidesdimidiatus, a wrasse, bas an 
fssocation with larger fish where the wrasse gets food, and 
in return, they remove the dead tissue and the ectoparasites 
from the mouth and gills of the larger fishes. During this 
period, wrasse remains unharmed and performs their work 
Without any kind of hindrance (Herre etal, 1999: Johnstone 
snd Bshary 2002), 


Fig. 1: Pt owner crn tite 


‘Merits of the Animal-Human Bond 


A significant surge in scientific interest im the potential 
health advantages ofthe human-animal link occurred in the 
late 1970s, thanks to the findings of a Ph.D. dissertation 
from the University of Maryland (Friedmann etal. 1980). 
‘The risks of cardiovascular disease are much lower among 
pet ovmers compared to agn-owners, according to olher 
esearch that looked at risk variables for the disease in 
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sizable population samples, such as blood triglycerides and 
cholesterol (Allen ct al. 1991: Anderson. et al. 1996; 
Friedmann eta. 2000; Wells 2009), 

‘The purchase of a new pet has been linked to increases in 
‘owners’ mental and physical health as well as to sustained 
decreases in their [propensity 10 overreact in stressful 
situations and stimuli (Allen et al. 2001; Serpe 1991). 
‘Additionally. pet owners seem to be more bustin the face 
‘of dificult life circumstances, which leads to fewer health 


issues and fewer trips to the clinic for treatment (Siegel 
1990), Significantly, petowners who are very devoted to their 
animals tend to gain more from pet ownership than those who 
are less attached, and dog owners generally fare beter than 
‘at owners, possibly because the bond between dogs and their 
fowners is, om an ayerage, greater (Fig. 2) (Friedmann and 
Thomas 1995; Ory and Goldberg 1983), 


Fig 2: Pet an ner ling bond 
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In comparison to non-dog owners, dog owners have been 
found tp engage in more walking and general physical activity 
and some studies have indicated a strong link between dog 
walking and lower body weight as well as lowered risks of 
dlabete, hypertension, hypercholesterolemia and depression 
{Cutt et al 2007; Coleman etal. 2008; Hoerster etal 2011 
Lentino et. 2012), 

Companion animals are also & source of heathy interaction 
and help in improving social behaviour within 8 society. It 
has been examined through many research studies that people 
having pets are socially more popular in a community even 
ld persons and individuals with any kind of ‘physical 
lsability (Mader etal. 1988: MeNicholas and Collis 2000: 
Wells 2004: Guéguen and Ciceott 2008), 

Pet ownership is favourably correlated with feelings of 
neighbourhood friendliness and social interaction between 
neighbours, according to community-based surveys. After 
ferrecting for demographic variables, pet owners also 
frequently do better than non-onners on tests of "social 
capital” and civie participation (Wood etal. 2005) 


The Therapeutic Perspective of The Bond’ 


The great advancement in the work related tothe ws of «pet 
dag as a therapeutic agent was dane by an American child 
Psychotherapist named Boris Levinson in the 1960s and 
1970s. He used to bring his dog named Jingles during the 
session with patients as they feel more comfortable in the 
presence of his dog. He says that pets help to dea with many 
Psychological issues and physical disabilities of children. He 
Used tosay pes as"o-therapists” while dealing with patients 
(Levinson 1969) 

The first researchers to empirically examine Levinson's 
theories were a husband and wile team of psychiatrists at 
Ohio State University named Samuel and Elizabeth Corson. 
Within the psychiatric hospital where they worked, in the 
1970, they established what they dubbed a "pe-failitated 
psychotherapy” (PEP) program and chose 47 withdrawn and 
luncommunicaive patients, the majority of whom had ct 
responded well to meee taitional tealment approaches. The 
next step was to involve every patient in the dally upkeep and 
‘exercise of a colony of laboratory dogs that resided close to 
the hospital. Even though they only published information 
about five subjects—all of whom had significantly 
improved —the Carsons reported "some improvenient” in all 
ff the patents at the end of the trial (Corson and Corson 
1980) 

In the late 1970s and carly 1980s, a surge of research in 
Europe and North America was spurred by the Corson study 
With the aim of identifying and evaluating the advantages of 
‘AAls (Animal-asssted interventions) in a variety of patient 
populations and therapeutic contexts. Unfortunately, lot of 
these early studies had a numberof design issues. Only six 
controlled experimental trials of animals therapeutic value 
‘were found in an extensive assessment of the literature on 
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‘AAls conducted in 1984: ll ofthese studies targeted adult or 
elderly individuals. The studies indicated either "no impact” 
‘or "very small treatment benefits,” according to the authors 
analysis (Beck and Katcher 1984}, 

‘Only nine research (six comprising control groups and three 
pre-post-ireatment designs) that supplied sulficient 
tistical data to allow the computation of effect sizes were 
found in a meta-analysis of 112 pertinent studies conducted 
19 years later, in 2003, Following the initial 1984 evaluation, 
allnine studies were released, and they were all done en adult 
andlor senioe populations, The meta-analysis discovered aa 
average effect size of 0.76, which is widely regarded as large, 
in contrast to the earlier evaluation that these therapies bad 
‘nly marginal therapeutic efficacy (Laloie 2003) 
Tnvestigations into the potential processes underpinning the 
positive benefits of AAIs are sill ongoing. however, the 
social-honding hormone oxytocin has been linked t0 the 
‘phenomenon. Our knowledge of these mechanism, as well 
fs the specific ways in which they affect various subject 
(Patient) groups in various treatment contexts, will continue 
tw be improved by future research (Kruger and Serpell 2006: 
Moberg et al. 2011), 


Non-Human yet Humane companions 


The idea that pets might act as forms of non-human social 
support is congruent with the apparent connections between 
pel ovinership and human health (Collis and MeNicholas 
1998; Garrity and Stallones 1998; Ortega and Casal 2006). 
theoretical concept known as social suppert measures how 
socially integrated people are and how closely they feel a 
responsibility and obligation to one anther (Eriksen 1994: 
Schwarzer and Knoll 2007). 

‘An increasing corpus of research has demonstrated a strong, 
Correlation hetween social support and improved. human 
Incalth and survival (House etal, 1988: Glaser and Newton 
2001; Lim and Young 2006: Lunstad et al. 2010). For 
instance, it has been demonstrated that seca support 
‘components can guard against depression schizophrenia, and 
sticide as well asthe cancers, rheumatoid arthritis, diabetes, 
‘nephritis. and pneumonia (Sherbourne et al. 1992: Esteling 
tal 1998; Kikusui eta. 2006: Uchino 2006), 

‘Once more, the neuropeptide hormones oxytocin and 
arginine-vasopressin, which are also. essential inthe 
regulation of ltachment behaviour and social bonding in 
‘mammals, appear to be mediating some of these 
advantageous Benefits of social support (Donaldson and 
Young 2008). Furlhermore, the_hypothalamic-ptuitary- 
adrenal (HPA) axis, which controls the stress response, is 
‘downregulated by the release of oxytocin associated with 
enjoyable social interactions (Heinrichs et al. 2003). 

The emotional attachments of humans and animals have 
also been described as this relationship results in a positive 
impact on society. Four major studies reveal that the 
hormonal status (oxytocin) of pet owners shows 


‘Auetuations when they are having quality time with their 
‘dogs (Odendaal and Meintjes 2003; Miller etal. 2008: 
Handlin et al. 2011: Hanlin et al. 2012) 

‘Anather sty found that owners of dogs who received more 
Visual altention (gaze) from their dogs during an 
‘experimental trial had considerably higher levels of oxytocin 
metabolites in their urine, These owners also admitted to 
haying greater bonds with their more atentive dogs when 
{questioned (Nagasawa etal. 2009), 

‘The study of human behaviour shows that the isolation of an 
individual has a negative impact on society. According to the 
natural selection theory, primates usually lived in groups and 
forma community where they support eachother. An isolated 
person living in such a supportive community reccives 
‘welcome from the people whenever they decided to go out 
(Silk etal 2008: Silk eal. 2010). 


Ethical Perspective of the Animal-Human Bond 


‘The extremely huge number of animals that now live 
alongside people can have a damaging effect on the 
‘ecosystem, There are many obvious instances, such as the 
depletion of wildlife resources for the exotic pet trade, the 
fllest of stray cats on wild. bird species, and the 
feantamination of parks and natural places with animal 
excrement (Coppinger and Coppinger 2001; Rosen and 
Smith 2010: Loss etal. 2012; Bush etal. 2014). Even meeting 
the nutritional neds of dogs can have a huge negative impact 
fon the environment. A medium-sized family dog. consumes 
shout 360 pounds of meat and 210 pounds of cereal per year 
sccording 10 one calculation. However, another estimate 
femntends that America's 75 million domestic dogs may 
consume as many calories as about 35 million people. This 
‘much food would take the equivalent of about 20,000 square 
‘ilometers af agriculture to produce (Vale and Vale 2009) 
While it s undeniable that species like dogs and eats have 
increased in number because of living alongside people 
‘many individual animals pay a high price in terms. of 
ddteriorated health and welfare. Each year millions of pets 
ae abandoned, given to shelters or puto death 10 soon as 
8 result of broken human-animal tes, Thousands more are 
abused, neglected, or mistreated by their owners for a variety 
ff reasons, from ignorance tp wilful cruelty (Claney and 
Rowan 2008; Arluke 2006). 

Due to inbreeding, line breeding. or selection for extremely 
high physical conformation requirements, several purebred 
dog breeds suler from painful and crippling heallh issues 
(Asher et al 2009: Summers tal. 2010). The demand for 
Some pets is outpacing the supply, which has led to an 
increase in commercial pet “farming.” while the trade in 
‘exotic pets kills and causes great sullering to wild snimals 
‘ring their capture, transport, and subsequent aequisition by 
fowners who are unaware of proper husbandry and care 
(MeClennan 2012) Even the strongest and most loving of 
human-animal relationships can result in needless sulfering 
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for animals, as when an overly attached owner insists on 
pointless veterinary procedures to prolong the life of 2 
terminally sick pet at all costs (Beck and Katcher 19%), 
‘When comparing the perceived costs and benefits of our 
relationships with companion animals, all these negative 
features ofthe human-animal link create significant ethical 
issues (Beck and Katcher 1996) 


Conclusion 


‘Animal-Haman bond has been muintained since the 
‘hegianing of the dawn either through the food chain or by the 
touch of companion animals. Pet lovers across the world 
spend bills of dollars yearly on these creatures’ called 
pets. Allsorts of animals are kept as pets these days, no mater 
‘what species they belong to. In the modernized era, almost 
every household in western countries owns atleast one pet 
‘dog oF ca, Excavations a dlferent regions across the globe 
Provided us with evidence of people keeping pets centuries 
‘ago, The cultural perspective can be taken from the fact that 
ite prohibited to consumes pet even if it belongs to an edible 
‘meat holding species. No matter how much the expense, pet 
layers bear it happily and bring forth their love to their 
‘companion animals by providing them withthe basic needs 
of life. There's arise in businesses comprising pet toys, pet 
foods, and medicines used for their ieatment as wel 
‘Companion animals bring joy to the colourless life of many 
people who sufler from social anxiety. "Therapeutic 
experiments have shown the tremendous importance of 
[Keeping pets close to depressed patients as they love their 
‘owners and give them a reason to live life happily. 
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INTRODUCTION 


Phytotherapy may be defined as the use of plants for the 
‘weament of ailments and those represent a practice that 
dates since ancient times (Borges and Borges 2016). It 
refers to the use of whole plants ther parts such 2s Howers, 
leaves, roots and seeds as well as substances extracted from 
them (plant extracts and essential cils) for treating various 
diseases (Stankovié etal. 2020)-Italso may imply their use 
to support traditional treatment with commercial deups 
(Russo et al, 2000). Plants and their extracts are an 
‘mpestant part of pharmacopoeia in less developed parts of 
the world, but mere recently in the advancement societies 
‘Russo et al. 2009; Borges and Borges 2016). However. 
plantchased preducts may also be used for the weatment of 
diseases in animals (UL Abidin etal. 2021), prevalently in 
livestock (Calzeta etal. 2020). Ethnopharmacology may be 
implied in veterinary medicine due to the potential 
therapeutic efficacy, reduced susceptibility to microbial and 


parasitic resistance, as well as lowered risk off adverse 
ftocts and decressed residues in animal products and 
nvirment in comparison with chemotherapeutic agents 
(Calta et al. 2020). Moreover, botanical consol of 
‘aris diseases in animals en so be stainable fons the 
Financial pont of view (Prakash eal 2021). 

‘Therefore, mein plans are valuable’ part of the itd 
‘of drug discovery and represent an important source of new 
rags and drug leads (Lig etal. 2020) In his regard, 
Sntiparasitie properties are a common point of focus in 
Studies simod validate the pharmacological effets of 
herbal products A huge number of such plants and thir 
Products are considered stable for the treatment of asso 
very parse dscase in livestock (Athinasiou eta 
3007), a pets. there ae also an increasing numberof such 
stuies in dogs and cals whereby plans product were 
proven to be effeive agian various parasites (Stbac et 
a 202). 


Resistance in Parasites as the Main Problem and 
Novel Strategies 


‘The resistance in different parasitic species nowadays 
represents a worldwide problem duc to deereasing efficacy 
‘of commercial drugs and consequent economic. losses. 
“Antiparastc resistance (AR) may be defined as the ability 
‘of prastes to survive doses of drugs that would normally 
[sil parasites of the same species and stage (Geary etal 
2012). Altnoogh it is considered that AR is a natural and 
heritable process which will develop anyway for & certain 
time, the role of humans in its occurrence refers to the rate 
and speed of its development (Shalaby 2013). The main 
factors that may promote AR development are treatment 
frequency (especially overfrequent treatments), miss-dosing 
(especially underdosing). prophylactic mass treatments 
continuous use of & single drug. without combination or 
‘lation and poor pasture management in the case of 
livestock (Shalaby 2013; Mphahchlele etal 2019), 

I the ease of protozoan parasites, it was reported that the 
cffectiveness of antiprotozoal drugs is being. decreased 
(Capela et al. 2019). The especial problem represents 
Protozown infections for which usually very few treatment 
‘options exist such as trypanosomiasis (including durina), 
habesiosis,  thelerisis and leishmaniasis, whereby 
‘continuous use of these drugs predictably leads to drug 
resistance (de Koning 2017) In terms of liver Dukes, the 
main concern is with trclabendazole whereby its success in 
the treatment ofthese infections has ed to over-telianee ox 
this drug and the emergence of resistance, although 
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resistance in Fasciola hepatica to albendazole is also 
reported (Fiarweather et al, 2020). The problem of AR of 
ceestodes such as Echinoceocus (E.) granulosus to synthetic 
drugs is also peesent (Pense et al. 2014). However, ts said 
that the problem of AR is far more severe in small 
ruminants, which requests dramatic changes in approaches 
to nematode contol fr decades (Kaplan 2004). Inthe case 
fof gastrointestinal nematodes such as Haemonchus (H.) 
contort, single and. mulicesistant strains of various 
species to all groups of anthelmintic drugs that are used in 
Practice (benzimidzzoles, macrocyclic lactones, 
tmidazothiazoles and even to newly developed drugs such 
as monepantel) are already reported, whereby the estimated 
time ofthe development of AR to a new drug is nov less 
than 10 years after introduction to the market (Fissiha and 
Kinde 2021). The annual cost of anthelmintic resistance 
‘only in Europe is recently estimated at €38 million with a 
tendency to increase in the future, which in tum endangers 
the sustainability of livestock (Vinner et al. 2020) and 
‘world's food supply. In the end, AR is already present in 
‘many ectoparasites, whereby «range of pesticide drugs such 
as organophosphates, organochlorides and synthetic 
Pyrethroids are no longer that effective due to their intensive 
‘se, which makes the control of ectoparasites very dificult 
(MENair 2015), 

Not only from the aspect of resistance, but the use of only 
‘commercial antiparastics is na longer sustainable because 
ff the price ofthese drugs that continues to rise (Prakash et 
al, 2021). For example, the mean wholesale price of 
muliantiarastic drugs albendazole and mebendazole 
increased between 2010 and 2019, from $3.16 o $582 and 
from $32 10 $2853, respectively (Junsoo Lee etal. 2021) 
Finally, adverse effects on the host animals, residues in 
dllferent animal products such as meat and milk as well a¢ 
in the ecosystem and biodiversity represent a serious 
problem with many chemotherapeutic drugs whieh are 
‘currently available (Veerakumari 2015). All ofthis requires 
searching for novel strategies forthe control of parasites in 
‘veterinary medicine, which according to Hoste etal. 2014) 
should be based on () developing new concepts of the use 
fof chemical antiparasitic drugs (eg. target selective 
treatments); (i) rational management of pstres: (i) 
simulating the host immune response (eg. development of 
vaceines) and (iv) investigating the efficacy of new drugs 
(phylotherapy, homeopathy and nutraceuticals). Some other 
alleratives are also suggested such a genetic selection of 
‘naturally resistant animals to parasites. biological control 
(the use of fungi, bacteria and even other parasites) 
(Magbool et al 2017), and in the ease of ectoparasites, 
inseet growth regulatrs (McNair 015) 


Plant Formulations and Advantages of their use 
Plant products that are exhibiting pharmacological 


Properties are often called plant secondary. metabolites 
(PSM) and they make plants competitive in their own 
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vironment (Feat 2015. One ofthe mot commonly 
‘amined pint proce agains pastes of veterinary 
ipotnce ae ese oils (EO) hey maybe define 
aromatic, concentrated and complex mints of volatile 
nonpolar compounds extracted ry plant sei (Nebme 
Sra aoa, Sub oa sth Suc e202) and 
Tepes part of & plan mine system (Buna and 
Sac 2018)" EO posse wide number, varying fom 20- 
$0, of biactive compainds da made wp the composition, 
Elke and Wall 2012, These compounds are belonging to 
‘oro chemical groups inclu terpenes 
phrylpropancd serves (Morsy 2017), However, the 
cacy of EOs ie flea aliiuted to their major 
Somponent(s),alhgh the presence of other compos 
maybe important for synergies (Elle and Wall 
2014), The ahr for of heal prodacte i plant extracts 
that are also colon mitre cobain a wide wre of 
secondary mcabolites in diferent concentaion rges 
(Borges nd Borg 2016), whereby the main dieence 
between them and EOr iby ebsning pres. Namely, 
while EDs ie awilyotine for varios commer we 
by. various farms of tllson {enosly seam) plat 
circ are mol obtaied by tis forms of Solvent 
ctracion sch ae maceration and enlerage (Cerge eal 
501, The most commonly examined types plant extracts 
are nqucus and ltl chan and mean). Bath 
Es and extracts ay be obtsned ram fren part of the 
plans suchas leaves, Mowers, scl, wood and bak and 
Sen roots (uiariy and Soae" 2018), Anyhow plant 
frre and EOs ae exesively ined in the conc of 
Poros, well at Bacteral and faa senses amas 
(As ctl 2018). 

Interestingly he principle of medication in animale i 
sho well-known, whetey the inet poring sia vith 
‘arian endoparsies on the Geld ae seacing for plans 
wih bigher amounts of bicactive compounds (Tee 
‘own eta. 2012) sugesing thatthe whe plants may 
tt be wed. mow ene, plint edt ith prowen 
“Hise against endorses were appli pesrally, for 
xample i animal feed ora supplement, ough tere 
fe some notes tha rectal r injection applications may 
at be tue (Kai et al 2015) Oral aplication may he 
Single or consecively daring a cpl dae, whereby 
Single or» combina f plan praducts may bo we. In 
theese of sctparases, tally diferent formulations of 
few pradicte their atv ingredients are examined 
hich were applied topically or oly ln owe cases, plan 
beced prot espetilly Or ny alo be wal at 
repels o protect animal agains vaio ks or nsec 
Sich a es (Lachance nd Grange 2013), 

Planchased digs hve ale shown ihe eft aginst 
avons” parasites (ander iferent fetes) of 
‘elrnary and medial portance Bart 2015), Tei 
pharmacological flee including snipuraiic derive rom 
herons types of bimtie compends loging ta 
‘argue chemical groupe with «possible diferent 
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mechanism of action (Butnariu and Sarac 2018), 2s noted 
catier whereby some of them exhibit strong activity against 
various parasites. The presence of various compounds and 
their synergism is often associated with lower susceptibility 
to the development of resistance in comparison with 
syathetic drugs (Baur ct al, 2015: Borges and Borges 2016), 
fomsisting mainly of ne active substance. Also, it is 
important to note that in the cases where the efficacy of 
plants is not enough to control parasites alone, they can be 
fused along with other alternatives and ratimally used 
‘commercial drugs ina form of integrated control. Net plant 
formulations offer a possibility to educe a problem wih side 
clfects and residual amounts in animal products, given to 
their natural origin which is oflen associated with lower 
toxicity to host animals and their raise ffee from chemical 
inputs Environmental aspects including sil properties also 
favor plant drugs due to their biodegradability ( Veerakumari 
2015), Inthe end, due to mentioned financial aspect of the 
‘use af only commercial drugs and their increased price, the 
incorporation of hotanical drugs and fermulations into 
veterinary medicine is justified since these are much 
cceaper (UL Abidin etal 3021), 


Studies that Examined the Antiparasitic Efficacy of 
Plant Products 


Due to the urgent need for new drug sources against 
parasites in animals, the number of such studies is 
Increasing inthe as two decades, especially in recent times. 
‘Scientiie validation of the sustainable use of plant products 
is needed price to their approval for parasites contol. 
Within that perspective, the potent etieacy and selectivity 
‘of many new plant products against various groups of 
parasites (protozoa, helminths and arthropods) have heen 
revealed (Abo-EL-Saboudl etal. 2018; Calzeta et al. 2020), 
‘Some examples ae given bellow 

Protozoa - Babesia spp. tick born protozoan parasites, are 
‘ne ofthe major pathogens that infect erythrocytes in a wide 
range of animals and may cause several clinical signs. 
NNeroldal, sesquiterpene compound present in EOs of 
‘many plants and approved by the US. FDA as a food 
flavoring agent, caused the significant in vitro growth 
inhibition of four Babesia species with ICs» values of 21 
23.1, 269 and 29.6 uM for Buhesia (B.). bovis, B. cabal. 
2B. ovis and B. bigemina, respecively at growth inhibition 
assay (Aboulaila etal. 2010), In a study of Aboulala etal 
(2018), in-vitro inhibition assay of several plant-based 
decoctions including green tea. hibiscus, cinnamon and 
Peppermint against Babesia and Theileria species was 
fextmined, The most successfully were green tea and 
cinnamon with ICs values of 3.83, 6.25, 2.2 and 5.3% (vis) 
fas well as 783, 19.59, 12.1, and 6° (0) apainst B. ovis 
B. bigemina, B. divergens, B. cabali, and T. equi 
respectively In a study of Guz et al. (2020), BOs of Achillea 
rillefolium, Eugenia caryophyllus and Citrus grandis were 


the most active against B, canis on anticbabesial assay with 
Cy, values of 51.0, 60.3 and 61-3 pgimL respectively 
Several typanosomes may catse diseases that fect 
hhumans or animals, mostly in the region of Altica. EOs of 
Cymbopogon citratus, Eucalyptus citriodora. Eucalyptus 
‘camaldulensis, and Citrus sinensi were found to possess it 
Witra dose-dependent activity against Trypanosoma (T.) 
‘brucei brucei and T.evansi, whereby all oils decreased the 
umber of parasites overtime at doses of 0.4, 0.2 and 0.1 
‘g/ml. (Habila etal. 2010). On the esher hand. crude extract 
‘of Cymbopogon ciranus leafs and Lepidium sativum seeds, 
‘udministrted to mice at different doses ranged 100-100 
mghkG, significanly reduced the parasite load of 7 
‘congolense, but atthe same time decreased lymphocytosis 
tnd. increased neutrophil counts and, in the case of 
Cymbopogon citratus,igniicanty improved bodyweight of 
tested animals (Emiru et al. 2021). n a study of Azeredo et 
al. 2014), EOs of several plants were in vitro evaluated for 
inhibition activity against T. cruzi. the causative agent of 
‘Chagas disease, whereby Cinnamomum verum was the most 
clfective against epimastigote form of parasites (IC.P4h 
was 24.13 ugimL) 

Plant-based formulations, given in the food or water to the 
poultry, are examined in several studies for their effects 
fgainst’ Eimeria spp. and are often considered very 
promising anticoccidial agents. Thus, broiler chicks 
Supplemented with a premix (1 g/KG feed) containing the 
‘oregano (50 kG premix) and garlic (5 g/kg premix) EOs 
had improved final body weigh, feed conversion ratio and 
reduced faecal oocyst excretion of Eimeria tenella 
(Sidiropoulou et al. 2020), Also, extract of several plants 
igiven to broilers in dicts contained 30 mg/kG of extract, 
expecially Nectaroscordum tripedale, were effective in the 
‘canrol ofthe sie agent by reducing aecyst count per gram 
ff faeces and improving previously mentioned parameters 
fof performance in tested animals (Habibi et al, 2016) 
Natural formulations based on encapsulated thymol and 
‘eurvacrol (active compounds of some EOs) at doses of 60) 
tnd 120 mg/kG given tothe broilers in a corm a soybean 
meal-based diet have led to the reduction of side effects in 
broilers vaccinated (in doses 25 times. higher than 
recommended) against coccidiesis (Lee etal. 2020) 

Giardia (G.) duodenalis is the most prevalent flagellate 
protozoan infecting humans worldwide, but also dogs. On the 
ther hand, ether animals may act as reservoirs for this 
parasite and be related to zoonotic transmission, EO of Citrus 
X auruntifolia exhibited in vitro activity against G. 
duodenalis at antigiarial assay with an ICs value of 696 
hpimL., whereby for example EOs from other plants were less 
fr not effective inthe same study (Popeuk etal. 2017) The 
study of Moan et al. (2006) demonstrated that low 
concentrations (<1Se) of EOs of Lavandula angustifolia and 
Lxinrermedia during in vitro tial may completely eliminate 
G. duodenalis, Trichomonas (T.) vaginalis and Hesamita (H.) 
inflate. Hylroaleeholic extract of Tanacetum vulgare, applied 
in vivo 10 mice at a dose of 02 mL. per day, significanly 
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relic gia wophorites com! inthe small inten of 
‘Simul dap afer team Mirna al 3021) 
Trumetas ed cestode Pelee cme by Festa 
() lepaenis couse s the most impetathepate 
tines in eterna meine thal ates maj econo 
Tones inte vee ny, tn vem alickneic ect 
af ies tropical plant exacts onthe aeivy of eyed 
Mhlkcs of F hep was celui by Avert Maren 
a. Q015, whereby” the mon peat was Aoi 
Mescona with sn Ig vale of 928 mg/L, and which 
long wth Bocconafescens, had TOD lca me 
lowes eset Abs al 2020) eval the vv 
aniline cfc of the herbal mise ha face 17 
Plans aging hepatica in gas, which were 
Mminisatedatdose rats of 1400, 1200 ad 1000 mp at 
Sintra of 7 da for fou week, whey reed te 
hmber ‘of eggs per gram in faces for 25-52 94% an 
3038 42.45% depeuding en the de, on Day 15 and 30, 
mopesiey 
‘The caher herbs that showed. promising effects agains! F 
hepa and. gigntca We Al stim, Las 
Opn fas, Lantana cara,” Bosonla 
frstecens, ier auium, Artemisia mexicans a Cojne 
fajen. The effect ofthese plats ao en the inhibition of 
{Thi Ake mit as well the inaction of te rapt 
of nena gan sich ae wera aca (Nw et 
41.2019), The activity of i aural compounds queen, 
Slymarin,narngein,Tivone,cesveratrl and Beta) 
twee evanaed suit Opiaorhis (0) fleas by osing 
Ziliy and morality assays, whereby the mot eflcctive 
sae on the matty ofl ses was retin wih 
SIC vale of 51 uM On th thr hand concentration 
110 J flavone le toa morality of 22-35% by day 13 
Itch sigucoy higher han Sat of weal ores 
(Mordvin et a 202) 
Teknccascach prieié a ari sonal 
donate dete ‘where dogs ae deinive hots of the 
Parasite (adn worm, hile lvesock and humane ae 
Iced ows (ral cyte fom). The io fect 
tf Thymar vulgaris and Origanum rulgore EO asia 
Eeninacoccus () granudsus rtcceces ma cyte wa 
val hy Penal etal. (2014), The effect was used em 
‘cow of poncolex ably and leno yal mate, wih 
tres alocenfmed tthe ueauctra level, nergy. 
iol yal, the rain compu of 7. vlgaris EO, hal 
4 comsiderably restr eet than tht crv th EO 
sich ws oped ny Ihe atagonii cle betwera 
Tompocnts of EOn is smal sly. lbyoel ate 
oncetaticn of $ yal. ax well a4 EOs of Resmarinis 
‘ficial, Mentha perish Mentha pulegum 1D 
fala, showed tn vive effect on the pletion of E 
Creniane Treacle ith olocin of roveclcs 
iby a follows: M.pulegiom #2, pipers 7% 
UMficalis 71% an yal 63%, (Albani el. 2018). The 
stro fet of teal was abo demonstrated agua 
Mesocstolden (Mt) cort aah worm a ell 3 cn 
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tctrathyrdi, for which mainly changes were observed in its 
tmorphology (ewer concentrations) and surface alterations 
and" damage (higher coacenrations) (Maggiore and 
Elissondo, 2018) 

Nematodes - The widest number of research aimed 19 
fvaluite the anthelmintic clfect of plats ws conducted 
against gasuontestnal nematodes i ruminants, especially 
sheep. which is understandable dic to the emergence of 
Fesistance of these parasites. Jn most cscs he fect was 
proved against bload-sucking nematode Haemonchus UH) 
Conor whereby differenti vio (eg batch test aval 
{development test, larval and adult motility tess et.) as well 
as in vivo tess (fccal egg count reduton tes, the 
onblled eficacy test) were used. The EOs so far proven 
for etfcacy against GINs in sheep were listed by Andee et 
al, 2018) and Seb etal. (2029). whereby the effec of 
0s such as Origanum vulgare, Thomas vulgars, Coriander 
sasivum. Lavandula afcinalis. Citra sinensis. 
Ginnamomunn verum, different Mentha spp. Cymbopogon 
Sop, Eucalyptus sp. as well as their Hola bioactive 
compounds "such as carvacrol, thymal, aneboe 
‘inmamaldchyde, cugenol, carvone, evealyptol should be 
fmphasizd. ‘hese compounds may affect the nematode 
reqroductive system causing their lower fetliy ce may 
induce diferent acurlogical and structural changes leading 
tonemate paralysis and death (Sac etal. 20220) 

In some cases such a in the study of Kai eta. (2019), 
toxicity studies were also performed, wher the safety ofthe 
‘ppliation of EO formulations was rene teat rm the 
aspect of physical examination, Blood count andthe 
funetion of liver and kidney. The main problem with most 
of these studies was the in vivo efficacy of these 
formulations, which yas usualy ower in comparison ith 
ther in vito activity andthe efficacy of commercial rugs 
aswell, de to anatomical-pysilogical specificities ofthe 
Furninant gastrointestinal tract nd the snstality nate of 
Os en the other hand. However, this problem may be 
‘overcome by the use of the encapsulation technique i the 
Preparation of these formulations witht possible 
Uiferet way of use instead of peroral administration 
(Sirba tal. 2022; Ste eta, 20220, 

In the case of extract, the list i also wide and in most of 
these stidies 8 wider umber of plants or the mix of 
ferent extracts was examined. whereby thir eect was 
sully atibuted to larval inhibition and increased adult 
morality of sheep GINS Uayanezara ct al. 2022) On the 
ther hand, the in vivo elfct of herbal-hased dewormer 
‘containing 17 plants was also demonstrated aginst 
ontortas goats, wih toll eduction of EPC aml 
faeces from 33.3361.76% and 40-91.18% on days 15 and 
i, respectively depending om the dose sed. An increase in 
thvocyte count, packed cell volume and haemoglobin 
femcenation was alo recorded, suggesting the role of 
‘amined herbal dewormerinredcing the signs of anaemia 
fatsed by blood-sucking HL contortus and F hepatica as 
Well (Abas etal. 2020)-In the end, several EOs were test 
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for activity against the mix of different GINS isolated from 
faecal samples of cattle, wherehy Cymbopogon eitratus hal 
the lowest larval and migration inhibition concentration 
(ICs) values of 3.89 and 7.19 mg/ml, respectively (Saba 
and Lachanee 2019), 
Ascaris (A.) suum represents one of the most prevalent 
‘nematode parasites in pigs that also causes significant 
‘economic losses, A wide range of condensed tannins from 
diverse plant sources showed effect against this nematode, 
‘elated tothe reduced migratory ability of newly batched L., 
as well a the reduced motility and survival of Ly recovered 
from pigs. On an ultrastructure level, it was shown that 
tannins cause significant damage to the cuticle and digestive 
apparatus of the larvae (Wiliams et al. 2014), 
Microencapsulated, plant-based mixed functional food 
‘composed of several compound isolated from EOs, given 
perorally 1 the pigs daily in a dose of 1.0 mg/kg after 
fourteen days significantly reduced worm counts (76.8%). 
female worm counts (75.5%), FEC (68.6%), and_ worm 
volume (62.9%) (Kaplan et al. 2014). In'a study of 
Rakhshandehroo et al, (2017). methanolic extracts of 
Artemisia dracunculus ind Mentha pulegium at all tested 
‘concentrations (30, 75. 10 and 125 mg/ml.) had significant 
lethal effects on larvae of Parascaris (P.) equorum, which is 
‘common eaustive agent of disease in equids, especially 
‘young horses. 
Botanical anthelmintics have also shown an effect against 
various nematodes in dogs and eats. In a study of Sinott et 
al. 2019), a concentration of 0.6 mg/ml of EO of Brazilian 
red propolis (lhe source of plant Dalbergia ecasrophyllumn) 
showed 100% larvicidal activity against Tasoeara (T.) cath 
afler exposure for 48h, while 200 g/mL represented the 
ICs, Ancylostoma (A.) caninum, ene of the most important 
hhookwarms in dogs, is the most tested parasites im such 
studies, with 12 plants showed i vitro anthelmintic effet 
fon eggs, larvae and adult worms, and 6 plants showed in 
viv efficacy (Ekawardhan etal. 2021), For example, 500 
gil of extract of Euphorbia hina ebtaned from the leaf 
fof the plant, given three days in a row in 2 stages per 2 
‘weeks intramuscularly and perorally to dogs, reduced 100% 
PEC at the second stage (Adedapo etal. 2005). In another 
study, the combination of plant extract obtained from the 
seed of Citrus aurantifolia (40 maghkg) given with 
_mchendazole (50 mg/kg) per day fr two weeks to dogs also 
reduced 100% FEC atthe end of the experiment (Hassanain 
etal. 2015), 
Plants were effective not only against gastrointestinal 
nematodes, but also against heartworms (Direfillaria (D.) 
inunitis) and lungworms. (Diersocaulus (D.) viviparous) 
‘Thus, several plant extracts showed microfilarcidal effects 
against D. inunitis in a study of Merawin et al. 2010), 
‘whereby Zingiber officinale exhibited the strongest activity 
ven that its concentrations of 100 yim! yam, 10 pg/ml 
and 1 ypiml effectively reduce the relative movability 10 
93.72, 8.12 and 87.95%, respectively alter 24 b Using the 
larval migration inhibition atsay, the elfect of condensed 


tannin, aswell as an extract containing crude sesquiterpene 
lactones, from Cichorium intybus on the motility of Ly and 
Ly larvae of D. viviparous was demonstrated (Moan et al 
2003), 

Ectoparastes - Plant extracts and especially EOs are 
increasingly used in the controlling of diseases caused by 
‘ectoparasites in animals. Ther effet is often related to 
harmful elfect on the nervous system of ectoparasites, 
which may be due to the inbibitio of releasing of 
acetylcholinesterase important for thir activity ad symaptic 
transmission, or due to the act on Octopsmine “whose 
disruption results in complete breakdown af the nervous 
system (Abbas et a 2018), Botanical antiectoparasiic 
agents may be used for acaricidal and insecticidal purposes 
‘or for repelling them (Adenubi etal 2018), 

‘Among. ectoparasites, tickborne infections are considered 
the most devastating due to causing major economic losses 
and their role in transmission of many serious pathogens 
(protozoa and bacteria). Thus, EO of Tagetes minua 
showed dose-dependent efficacy against four species of 
licks (Rhipicephalus (Boaphilus) microplus, Rhipicephalus 
(R) sanguinews, Amblyomma cajennense and Argas 
‘miniarus) on an adult immersion test (AFT) and the larval 
packet test (LPT), with a more than 95% efficacy at the 
‘concentration of 20% (Garcia etal. 2012). The same EO 
used a the same concentration also promoted the significant 
effects on all biological indicators analyzed for R.mnicroplus 
(oumber of ticks. the average weight of the ticks, the 
average egg Weight per engorged female and. larval 
‘ability, since it showed 99.98% efficacy compared to the 
control group (Andreotti et al. 2013). EO of Ocimum 
‘ratissimun exhibited. great larvicidal activity against 
Afferent ticks (R. microplus, Amblyomma seulpeum and R, 
sunguineus) with a ICs values of 2.0 mg/ml, 5.5 mg/ml. 
and 6.0 mg/ml respectively (Pereira eal 2019), 

‘The EOs of Rosmarinus aficinalis, Mentha spicata and 
Origaruom majorana shoved strong repellency of 100, 93.2 
and 84.3%, respectively against the tick Ixodes (1) vicinius 
nymphs (El-Seedi etal. 2012). On the other hand, EOs of 
Syzygium aromaticum, ‘Thymus serpyllum and Thymus 
vulgaris were the most effective in a study of Stefanidesova 
ct al (2017), since they repelled 83, 82 and 68% of tick 
Dermacentor (D.)reticulatus, respectively, ata 
feocentraion of 3%. However, the mixture of Trymus 
serpyllum (1.58) and Cymbopogon winterianus (1.5%), 
showed higher repellency (91%e) than individual oils. An 
‘rally applied formulation consisting of garlic oil (2.5%), 
allicin (0.08%) and rapeseed ei (8%) tothe dogs infested by 
various ticks (odes spp. and R. sanguineus) atthe dose of 
(0.25 mf for 3 successive days has led to the decrease in 
lick aumber for LDH starting from 12 hours fom the Sd 
dose up to 28 days. Morsoner, treatment with this mixture 
improved the health condition of tested snimls since all 
haematological and biochemical parameters retumed 
normal values after the treatment (Amer and Amer 2020), 
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Infestation with Dermanyssus (D.) gallina, a blood-feeing 
‘mite, represents & major problem in the poultry industry in 
recent years. EO of Coriander sativum ata concentration of 
(04 mgiem? as well as Ocimum basilicum, Mentha piperita 
and Sanureja hortensis at concentration of 0.6 mglem have 
led to >90% mortality of the mites after 24h of exposure 
using the in vitro direct contact method (Magdas et al 
2010). The impact of the spraying of surfaces of hennery 
‘with the garlic extract on the number of D. gallinae was 
evaluated by Gori etal. 2014), whereby two successive 
sprays 8 days apart reduced their number by 96% Ina study 
‘of Andriantsounirina etal. (2022) several tens of EOs were 
in vitro evaluated against Sarcoptes (S.) seabiei. causative 
agent of surcoptic mange in animals, whereby Cinnamomom 
<evlanicum and Ocimum sanctum oils were the most active 
in contact and fumigation bioassays, as well as in ovicidal 
sactvity, In this study all mites were killed within one hour 
‘with these oils diluted at 1%. The ethanolic extract of 
Liularia virgaurea at a concentration of 2 g/ml also 
ceshibited strong acaricidal activity agains 8. soabied since it 
Jailed all mites within 2h (Luo etal. 2015) 

Rabbits infested with Psoroptes (P-) cuniculi were topically 
treated to times at seven days interval with two ml of the 
EO of Cinnamomum zeylanicun leaves, whereby 
‘concentrations between 0.16 and 10% were effective as & 
drug and cured all animals (Fic etal. 2007). The in vivo 
effect of EOs of Allium sativum, Origanum majorana and 
foxonated olive oil against the important car ectoparasite 
Orodectes (O.)eynots in eats was evaluated by Yipel eta 
(2016), whereby practically all els led tothe elimination of 
pastes 30 days after treatment, "The best revults were 
‘shown hy garlic EO along with permethrin 10 days ater 
treatment, Several plant EOs were tested against Demoder 
(D) canis, a dog mite with zoonotic potential, whereby 
Melaleuca alternfolia oil showed a faster and stronger 
clfect compared to amitraz since it required less time to 
climinate the parasites (8.100-100.67 minutes in comparison 
‘with 333.33 minutes) (Neves etal. 2020) 

Finally, agueous extract of Azadirachta indica was tested 
against sheep bot fly larvae (Oestrus (0) ovis), whereby at 
different concentrations showed a significant, dose- 
dependent elfect on time to Ly maetlity im an in itr test 
and interfered with larval development in an in viva test 
{(Cepeda-Palacos etal. 2014), Neem extract (A. indica) is 
also known for its wideuse (Ascher etal, 2000), Lavundula 
officinalis EO and camphor at 32% concentration were found 
tohave a larvicidal effect against sheep blowly, Lacilia(L.) 
serrata, since they eased the morality of lava by 100 and 
93.33%, respectively (Shalby etal. 2016). EOs and extracts 
have aso showed elfcacy against many other ectoparasites 
including Ctenacephalides (C. els (cat lea), Bovicola(B.) 
‘ocellats (chewing louse), Haematopinus (H.) tuberculatus 
and Hippobosca (H.) equina etc. (Abbas et al. 2018), 
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Conclusion 


Antiparasitic resistance represents an urgent problem in 
‘veterinary medicine due to economie losses. In addition to 
the problem of residves in animal products and the 
‘environment, as well as the problem of rising drug prices. 
this interferes with the use of commercial chemotherapeutic 
agents. AS a source of a wide number of ‘bioactive 
‘compounds of natural origin, eral medicines are marked 
fs a promising altemative. The effect of plant products 
shown aginst various parasites may he utilized to reduce 
the use of commercial drugs, which may lead 1o slowing 
‘down the spread of resistance and solving aller mentioned 
problems. Therefore, along with otter alternatives and 
strategies for rational use of drugs. botanical anthelmintics 
coffers a possibilty for sustainable, integrated control of 
Parasites of veterinary importance in future treatment 
proaches, 
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INTRODUCTION 


People have used traditional medicines, primarily those with 
‘herbal base to teat illnesses, Finding natural remedies for 
arly humans and animals to protect them from different 
poisonous diseases was quite difficult Barly animals and 
‘humans also probably eaten poisonous plants frequently in 
pursuit of sustenance, yet they were sil able to learn about 
‘tural remedies (Yuan et al. 2016). Traditional medicine is 
linked to extensive indigenous knowledge in many nations 
that dates back to ancient times. Indigenous traditional 
knowledge has been used to generate a umber of 
commonly used items, including herbal treatments for 
‘human andl animal health (Farnsworth 2007). Te ability of 
plants to treat a variety of inesses has been established. 
Ethno-veterinary medicines ie term which is used to refer 
to traditional knowledge, beliefs. practises, and cures for 
‘numerous disorders in rural areas, Due to the discovery of 
certain useful ethno-veterinary products over the past ten 
‘years, these practises have grown significantly. The use of 
‘onventional treatments offers a more affordable, practical 
land long-lasting substitute for synthetic medications and 
‘Pharmaceuticals (Dilshad et al. 2010). In some studies, 
roughly 30-35% of losses in the animal breeding industry 
‘occur owing to improper animal husbandry techniques 
panicularly in developing aatons, where rural residents are 


strongly dependent on livestock farming forthe livelihood 
activities (Abbasi et al. 2013) 

‘Across the world, medicinal plants (MP) are crucial forthe 
survival of underdeveloped populations. Flowers make up) 
‘most of the medicinal plans. More than 10S of the 
approximately 32000 species of higher plants (Prance 2021) 
fare ullsed medicinally. By 2080, it i predicted that the 
‘lobal market for medicinal plants would grow to 85 talon 
(US). Other animals also employ plants to seli-medicate: 
this practise is known as zoopharmacognosy and is not 
limited to humans, Such ethnobotanical information was 
sguthered by research on animal behaviour, especially that of 
sick animals, and through interviews with indigenous 
‘sroups, These indigenous people learned this information 
from their elders as wel. Therefore, the authenticity of such 
Jknowledge may be constrained (Shinwari 2010) 

Previously survey was conducted to collect the information 
aout the people who keep the animals for business purpose 
‘or for domestic purpose, They may have some knowledge 
land awareness abou! the use of medicinal plants for the cure 
fof the diseased animals. The percentages of the concerned 
people have heen shared with the Table 1. According to 
‘eld studies, both wild and domesticaed herbs are sill sed 
in many villages, where old individuals are frequently the 
repository of such knowledge, These people closely guard 
the plant-use information that has been passed dow to them. 
through many generations. The rediscovery of such 
information would make it posible, for instance, to link the 
traditional ies of plants with the creation of novel 
‘hytopharmaceuticals in order to support regional biology 
and protect ethno-biodiversity(Menale and Mucio 2014), 
tis known that plants can fight a varity of diseases. The 
livestock industry. as a subsector. accounts for roughly 56% 
‘of the value add in the agricultural sector and 11% of the 
GDP (GDP). The livestock subsector employs about 30 
rillion people who reside in rural areas of the nation. Thus, 
‘methods for reducing poverty benefit significantly from 
catle raising. ‘The national herd of Pakistan consists of 
‘53.82 million goats, 26.99 million buffalos. 1.0 million 
camels, and 296 ‘million cattle. 26.7 million sheep. 
according to the Economic Survey of Pakistan report (ESP 
2010). People who live in distant places use medicinal herbs 
to maintain the health of their cate. It i particularly 
challenging for pastoralists and nomads to access veterinary 
fare because to their traditional way of life. Collectors of 
herbal medicines are inexperienced, and over half of the 
‘material they gather is discarded. Finding sastainable 
‘methods to gather therapeutic plants from the wild is so 
‘necessary. This entails educating local hunters about proper 
hhunting methods. taching people how to grow therapeutic 
herbs, and getting rid of some of the intermediaries in the 
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“Table 1: Characteristics of Rexpondants by Demogriphice 
SeNe. Chuncter (Demography) Quanliy Pescennge 
T See 


Male From Community — 90.0608 
Female FiomComnusity 60.0 40% 

2 Age 
19-39 2% 
40-59 er 
‘0 oc above a ma 

2 Edicion Stns 
Primary a 
Elemetary ed 
Higher Secondary 4 6s 
Grdase a iis 

4 Occupations Status 
Farmer 55 667% 
Bsinessman s a9 
Enployce 9 31334 
Jobless a va 


supply chain. The majority of people live below the poverty 
line and indiscriminately Take natural 

supplement their inadequate earnings, which is one of the 
‘main causes of the loss of biodiversity. Duc tn its distinctive 
‘geology, which includes the Hindu-kush Himalayas and the 
Karakorum. Pakistan has an altitude range of 0 to 8611 m. 
resulting in a variety of climatic regions and a rich floral 
boodiversity. More than 6,000 kinds of higher plants can be 
found in Pakistan. The medicinal value of the lal flora is 
at least 12%, and numerous plants are exported. A sizable 
‘market system for crude daigs called "Pansira’ is solely 
dependent on uncultivated plant species, Ailments in both 
‘people and animals are treated with medicinal herbs. Most 
ff the time, some plant species are thought to be specifically 
fective against a certain disease, hut ocasionlly these have 
lal applications (Ali and Qaiser 2009), Fig. | demonstrate the 
herbaria distribution in Pakistan 

In Pakistan the collection of dried plants is managed in 
different areas of the country. Tae largest herbaria is 
frranged inthe Islamabad and Karachi in the teitory ofthe 
‘university which comprises of almost 175000 died plants 
‘while, more than 90000 dried plants are managed at the 
NARC Islamabad. These are managed as because of use as 
the medicinal purpose (Ali 2008) 


Hemorthagic Septicemia 


Hemorrhagic septicaemia (HS) and mastitis are also 
‘significant problems, There is use of many locally produced 
‘comhination vaccines against hemorrhagic septicemia (HS) 
‘anu mastitis whose formation is plants based. Some studies 
have shown that certain plant extracts have antimicrobial 
Froperties and can be effective in treating HS. These plant 
fextricts include garlic. ginger, turmeric, neem and 
cchinacea. However, it is important to note that-more 
research is needed to fully understand the efficacy and 
slety of using plant extricts to weat HS (Kuralkar and 
Kuralkar 2021), The bacterium Pasteurella multocida is a 


‘One Health Wied 


facultative anaerobic Gram-negative which was (size 0.20- 
0.40 06-25 m), non-motile, non-spore-forming. capsuled 
short rod or coccobacilla. It has heen labeled is an 
‘opportunistic pathogen that causes a number of illnesses, 
‘including enzootic pneumonia in sheep and goats, purulent 
thinits im rabbits, atrophic thins in pigs, and hemorrhagic 
septicemia (HS) in catle und buffaloes (Reuben etal. 2021). 
Fig. 2 shows the distribution of Hemorrhagic Septicemia 
across diferent regions of world, Asia and Africa 

The leaves and whole plant are the two most common plant 
parts sed in the preparation of traditional phyto-remedies, 
followed by different part of plants. Due to their ease of 
access and collection compared to other plant pats lke the 
oot and stem, leaves were chosen aver all other plant 
‘components. Additionally, leaves serve as the primary 
repository for a number of secondary metabolites that are 
‘concentrated there. Duc to their ich interpenes, roots were 
chosen after leaves (Silva eta. 2021). 


Foot and Mouth Disease 


This is extremely contagious and results in significant 
economic losses in susceptible animals with cloven hooves, 
Such as cattle, sheep, oats, swine and many types of 
‘wildlife. The virus tha causes the vesicular sores om the 
foot, oral mucosa and mammary glands helongs to the 
family Picomaviridae and genus Aphthovirus, The FMD 
virus (FMDV) has seven antigenic groups, or ero types: O. 
A.C, SAT (1 ~ 3) and Asal (DiNardo et al. 2015). 
‘Although there is no eross-protection between serotypes, but 
there is a significant amount of serological crose-reaction, 
‘The genetic diversity among FMDV serotypes is evidence 
that various genotypic groups, or "pools." have 
independently evolved and circulated viral strains (Estevez 
ct al 2022), In both domesticated and wild ruminants, 3¢ 
‘well a6 pigs, it is a highly contagious viral disease that 
results in significant economic losses due to morbidity, 
mortality, and wade restrictions. Despite of the fact that the 
illness is widespread in Pakistan, seasonal outbreaks happen 
every yeur. Some studies have suggested that certain plant 
extracts may have antiviral properties and could be useful in 
treating FMD. For example, research found that an extract 
‘of the plant Echinacea purpuren reduced the viral load in 
cell cultures infected with FMD vieus (Yasmin etal. 2020) 
Similarly, another study found that an extract of the plant 
Andrographis paniculata reduced the replication of FMD 
‘virus in cll cultures (Hossain etal. 2021), 

There ae different plants which are used forthe treatment of 
various diseases, The specific portion of the plans are 
involved in the cure of the specific disease (Table 2) (Dseva 
etal. 2022) 


Black Quarter 


Black quarter (BQ) is an acute, contagious illness hrought on 
by the gram-positive, anaerobic bacteria Clostridium chauvoet 
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‘Table 2 List of Plant nd their medicinal wes fr different animal diseases 


SiN ‘Name of Plast ‘Used Porton Ravan 
i Abrus precatoriows Sood Sweupthening the Pacem 

2 Caesupinia bonnducelia Sood “Timpani Production 

3 Calonapt gana Ties ‘Treament of FMD (oot and mouth disease) 
4 ‘Momordica chanania Lest MD's Treatment 

5 Semecarpas anacardia Seed MD's Treatnent 

6 Fleur racemosa Latex ‘Trestnent of Bane Feactae 

5 punts elation Lest ‘Tresinent of Wound 

8 Tabada events Lest ‘Treatinent of Mouth user 

° Tamarindus indica (eat and fats ‘Tresinnt of foot disease 

10 Jatropha curcas Leaf and ses ‘Treaunent of Mouth discase, digestion 


Inflammation, severe toxaemia, and gascous oedema of the 
skeletal muscle are the hallmarks ofthis illness. Blackleg is a 
severe often fal condition that affects sheep and cate that 
{is also brought on by Clostridium chawvoel, Characteristic 
emphysematous swelling of the muscle lesions in cattle can 
appear without a prior history of wounds, As a rare form of 
the disease, cardia blackleg has been observed in ruminants; 


‘nevertheless the pathophysiology of this condition isnot well 
‘known, In a study, the research on cardiac blackleg_ was 
conducted and reported two cases in 12-15-month-old 
“Argentine feedlot steers. Over the course of 10 days, 14 out of 
1.190 sters unexpectedly passed away. The animals skeletal 
muscles were free of any detectable gros lesions. Twa ofthe 
‘sects had undervent histology (Morrell et al, 2022). 
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Percentage of Plant's Part used in Medicine 
Formation 


Fig 3: Percentage of Plans Pat sed ia Medicine Formation, 
Anthrax 


Bacillus (B.) amhracis, a common zoonotic pathogen, 
frequently manifests as an unusual occurrence in world 
Humans can become infected with anthrax through abraded 
skin, the respiratory tact, othe digestive tract after coming 
into direct or indirect contact with animals that have the 
disease. (Olani etal. 2020) The host becomes infected with 
2B. anthracis alter coming into contact with an infected 
‘animal (Savransky ct al, 2020). Increased E-selectin 
production, which is a symptom of endothelial dysfunction, 
can result from excessive ROS generation (Doganay and 
Demiraslan 2015). The skin, lung. kidney. and liver may 
experience apoptosis, which is characterised by an increase 
in’ Caspase-5 and Multi Organ Dysfunction Syndrome 
(MODS). There was fewer animal than human reports, at a 
‘coarser spatial scale, but in places where there were clusters 
fof human cases, Human incidence was lower when cattle 
‘vaccination rates were high (025%), withthe opposite tend 
‘occurring when vaccination rates fll. This suggests that 
livestock vaccination programmes reduce the prevalence of 
anthrax in both humans and cattle in Vietam, however 
immediate improement in livestock surveillance is required 
(Fan eta. 2022), 

‘There is limited scientific research on the use of plant 
fextricts to teat anthrax, and curently, there is no plant 
fextrict thit has been proven to be eifective ugainst 
However, some plant extracts have been studied for their 
potential antimicrobial properties, which could potentially 
‘be useful in eating ‘bacterial infections like anthrax 
(Dassanayake et al. 2021). Ale vera extract has been shown 
to have antimicrobial properties against bacteria (Salama et 
al 2023), Neem extract, which is derived from the leaves of 
the neem tree, has heem studied for is potential use as an 
antiseptic and antimicrobial agent (Faujdar et al. 2020). 
Turmeric extract, which contains the active ingredient 
curcumin, has been shown to have antioxidant and ant 
inflammatory properties, as well a the ability to inhibit dhe 
‘growth of ceriin bacteria (Abd El-Hack et al. 2021). 
Percentage of diferent pars ofthe plants whic were used 
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to produce medicines is different, Maximum medicine 
production occurs fom the stem ofthe plants (Fig. 3), 


Brucellosis 


Brucellosis is the one of most prevalent infectious and 
transmissible zoonotic illnesses and has substantial 
‘morbidity and lifetime sterility rates, Intrvinterspeciic 
infection rates have dramatically increase in recent years as 
4 result of inadequate management and scarce resources, 
particularly in developing nations. In cattle. poor mul 
production and a high body temperature are the main 
Symptoms of abortion in the last trimester, whereas in 
‘humans, undulant fever, and arthritis are the main symptoms 
(Khan and Zahoor 2018). In recent yeas, both adults and 
children have used medicinal plants more irequeatly to the 
point that 4 out of every 10 Americans now use these 
(Clarke et al. 2015) as an alternative therapy. Plants are used 
to make more than one-third of chemical medications, and 
there is a great deal of room for improvement in this area. A 
variety of ailments, inclading cancer. depression, bacterial 
diseases, sheumatic disorders, and. acquired” immune 
deficiency syndrome, are treated with medicinal plants, A 
native of Australi, the evergreen Eucalyprus globulus tree 
is also extensively distributed in Spain, Portugal, Italy, and 
India. It is used in traditional medicine to treat common 
infections (Asadi-Samani etal 2016), 


Mastitis 


“The mos significant illness affecting dairy herds globally is 
bovine mastitis, which has a direct influence on farm 
profitability and food safety concerns, Antmicrobials are 
Particularly effective in the prevention and treatment of this 
pathology. although the growing antimicrobial resistance of 
the organisms that cause this disease may reduce the 
effectiveness of truitional “medications. Additionally, 
‘anubiotic residues in mill and the environment pose risk 
to people's health. As a result, using plant extracts and 
‘essential oils as mastitis treatments for cattle may prove to 
bbe a viable option. Plant extracts and essential oils are 
frequently regarded as being safe for use by humans, 
animals, and the environment due to the well-described 
‘antimicrobial qualities that many plants possess (Lopes and 
Fontoura 2020) 

Sunder (2013) examined the impact of Morinda citrifolia 
fruit juice on milk qualities of 13 healthy and 12 masttis- 
affected dairy cows while evaluating these effects 
‘Additionally, it was observed that consuming the fruit juice 
led wa significant reduction in the overall bacterial count 
‘mil from cov infected with mastitis. The healthy animals 
in the treatment group showed no discernible change in 
these parameters, Although neither ofthe treatment group! 
milk production levels considerably altered, the mastitis 
affected animals did produce somewhat more milk after 
being piven fruit juice 
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‘Table 3 iffesent Kinds of Aflatoxin from Eaibe Oils 


SiN, Meling Pant Boiling Poiat__ Chemical Fammuls Floors aa 
T Type Ts TRC SokIeC Cris 5m 
2 ‘Alatosit- Type B: soc sume CHO. 425m 
3 ‘Alasit-Type B) Gi sie sinae nHls0 “sou 
4 Aflansit- Type Bu awe 060" EnH:0 sou 


Allatoxicosis 


Aspergillus (A. flavus and A. parasiticus are the principal 
Producers of aflatoxin, which is a form of mycotoxin. It 
has a significant negative impact on both human and 
imal health and i to blame for the loss of hilions of 
dollars 10 the global economy by polluting various erops 
like coun, peanuts, maize, and chiles. Aflatoxin types BI. 
2, GI, and G2 are the most common un fatal of the more 
than eighlcen distint types that have heen identified so 
far. Aflatoxin contamination can be controlled to a large 
extent by carly fungal infection diagnosis. As a result 
several techniques, such as chromatographic methods. 
‘molecular assays, and culture, are employed to identify 
aflatoxin contamination ia crops and food products 
{Shabecr etal. 2022). The development and integrity ofthe 
plant can be harmed by A. flavus infection of vegetaive 
tissues, which also offers serious dangers to the health of 
‘people and animals. Asa result, methods that are secure and 
Simple to use are used to stop A. flavus proliferation. In 
frder to do this. A fumigatus, a fungal endophyte, was 
employed as a secure biocontrol agent to inhibit the growah 
fof AL flayus and its infection in maize seedlings. Ws 
interesting to note that A. fumigatus. a harmless endophyte 
displayed antifungal efficacy (such as 77% growth 
Suppression) against A. flavus. Aatoxin prodaction sae 
also decreased. particularly that of aflatoxin B1 (AFBL 
90.9%), Estimates were made of maize seedling growth, leaf 
and root morphology. and redox status changes atthe plant 
level. A. funiganus teatment of infected seeds markedly 
increased the rate of germination by almost 90%¢ (Abdelaziz 
tal. 2022), Table 3 shows differen kind of Aflatoxins fom 
cb ols. 

There are some aflatoxins which are naturally found inthe 
edible oil The major of four dilferent kinds of these 
‘flatoxins are present in edible oils and may also be 
produced naturally by many of the bacterial reactions 
Acconling to the latest classification of allatoxigenic fungi, 
1H out of the 33 species in the Aspergillus section Flav 
produce aflatoxins naturally. The four major aflatoxin types, 
flatoxins-AFBI. aflatoxin-AFE2, aflatosins-AFG1,. and 
fllatoine APG2, can he produced by 16 of those 18 
Species, whereas the remaining two are synthesised fom 
fether AFBI alone oF from both AFBI and AFB2. Most 
frequently polluted with AFBI. AFB2, APGI, and APG2 
ae oil seeds, particularly those from cotton, rape, 
sunflower, and coconut. The four main aflatoxin types 
‘entiied in edible oils exhibit stking differences in their 
key physiochemical characteristics (Wansiarachchi et al 


2023), Nutrient infusion in utero can alter the embryo's 
physiological reactions, The physiological reactions of the 
embryo to aflatoxin BI (AEB1) embryotoxicity can be 
‘modified by in ovo nutrition infusion (Elwan etal 2022). 


Avian influenza 


‘Two diseases ic. Avian-influenza and Newcastle-disease 
are major causes of morbidity and mortality in poultry 
There are a number of reasons for this, including 
‘vaccination costs that may be unaffordable, the 
impossibility of storing atenuated live vital vaccines in a 
cold chain, and the potential ineffectiveness of commercial 
‘vaccines to defend against regionally developing stains. In 
‘comparison, vaccines made from plants are stable and safe 
(Nurzjah ce al. 2022). The creation of transient gene 
expression systems in plants offers a flexible and reliable 
method for prodecing large quanlties of recombinant 
Proteins quickly and efficiently. VLPs may” provide 
Advantages such as considerable decreases in viral shedding 
dnd the capacity to distinguish between infected. birds 
(Boskovie eta. 2015), 

‘A key public health issue in recent years has heen the 
‘animal infection with the avian influenza virus due to the 
possiblity of a pandemic spreading throughout society 
‘Aadltionaly, arise in drug-resistant inflaenza A virus eases 
thas highlighted the urgent need for additional and widely 
accessible ani-influenza medications. It has been 
‘demonstrated forthe frst time thatthe erade ethanol and 
‘water extracts of five Asian medicinal plans, including 
Andrographis paniculate, Curcuma Longa, Gynostemma 
pentaphyllum, Kaempferia parviflora, and Psidium guajava 
hhave antiviral properties against HSN influenza virus 
infection in vitro and may be used a alternative antiviral 
‘compounds to teat HSNI influenza virws infection (Chen 
and Guan 2015), 

Its possible to produce HSNI HA antigen in plants without 
modifying them genetically, as this enables quick scaling up 
to high-volume manufacturing. The absence of genctic 
‘modification is significant because, despite the clficient 
Fraduction of vaccine antigens by transgenic plans (which 
can take months to years. depending on the species). such 
Imethods would he impractical in emergency situations 
‘where large quantities of antigen would be needed within a 
few weeks ofa reported outbreak. Using plant vis vectors 
modified to prodace foreign genes is an allernatestratexy 
This strategy shortens development time hy allowing the use 
‘of healthy. non-transgenic plants sa proiction system, but 
it depends on how well viruses replicate (Shoji tal 2000), 
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Conclusion 


‘The use of traditional medicinal practices, alsa known as 
an ethno-medicinal approach, has proven tobe an effective 
‘method in teating various animal diseases. Iti important 
to continue the research and incorporate these methods in 
Ccanjunetion with modem technigues to provide the best 
possible care for our animals, It is also very important t 
consider the safety and efficacy of these traditional 
Imethods before implementation. By combining the 
Jnowledge of traditional practices with moder scientific 
‘methods, we can improve the health and well-being of 
animals worldwide 
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INTRODUCTION 


‘Water-hore parasitic infections are one of the min health 
‘elated problems of developing counties. This is because of 
the reason tht there tno proper sewage and drinking water 
supply system for their community, These parasites are the 
‘main cause of diarhea, dysentery, fever, malabsorption, 
lymphadenopathy. hepatitis, lactase intolerance, enteritis, 
and peritonitis in both humans as well asin animals, It has 
‘been reported that tll 2007, 325 outbreaks of water-borne 
parasitic diseases occurred worldwide. Among these, 987 
futtreaks were documented from North America and 
Europe. According to 2 study, during the period of 1948- 
2012, round about $37 outbreaks of water Felted protozoa 
hhave been reported (Khan et al. 2019) 


\Water-borne GIT Protozoa 


‘Most of the etiological agents for gastrointestinal infections 
are protozoa and belong to the phylum Apicomplexa which 
includes mainly Giardia spp.. Isospora spp.. Sarcocystis 
spp. Cyclaspora spp, Entamoeba histobtiea, 
Cryptosporidium spp. Balantidium coli, Toxoplasma gondit 
and Acanthamoeba, in exception of a spore forming 
‘unicellular parasite ie. Enteroeviozoon  bieneust 


(Microsporidia) (Schets et al. 2008). In this study, 
Cryptasporidium spp. and Giardia spp. were dominant 
pathogenic protozoa (Kumar etal. 2014), 
Life eyele af these protozoa is very simple and usually need 
‘only single host for their multiplication. Transmission mostly 
‘occurs by fsem-oral route and they multiply withia the host 
sexually and thousands of protozoa in the form of cyst or 
focyst excrete out with feces. These oocysts are their 
infective stage and can survive in harsh conditions like 
temperature, chemicals, enzymes and chlorine treatment 
“This simple lifecycle of protozoa makes water very favorable 
for their transmission. Interestingly. they are very small in 
and ca ely siden papel berries ring 
Silwation, making difficult to purify. water from these 
pathogens. The outbreaks by these parasites occur when 
‘ater bodies like lakes, dug wells and canals got polluted 
With the rainfall and overflow ofthe sewage system. Divers 
and other people particularly in summer season jump fll and 
‘get pushed inthe canals and uluimtely got exposed to canal 
‘water. Sometime accidental ingestion of canal water also 
‘occurs (Schets etal. 2008). In urban areas of Pakistan, the 
ddainage of sewage water in canals is a common practice. In 
Peri-urban and rural arcs, this situation is worst becuse of 
rhon-avalability of proper municipal supply for drinking 
‘and people in these areas are dependent on the use of 
dug wells and canal water for drinking. Moceover, this 
‘contaminated canal water is used for iigation purpose by 
‘wich our vegetables and folders got contaminated. Humans 
tnd animals got infected when they eat them in raw form 
(Mumtaz et al. 2010; Alam et al. 2044). 
‘Among these protozoa, most pathogenic are 
Cryptosporidium spp. Giardia spp. and Entamoeba spp. la 
‘acute infections, most common conditions are enteritis, 
‘diarhea and dysentery but in chronic cases, peritonitis, 
enteritis, hepautis and lymphadenopathy mostly seen. 
‘Approximately 500 million people are’ suffering from 
“amoebic dysentery per year. Out of theses 0.1 million people 
‘ie every year (Ananthakrishsan and Xavier 2020). Chances 
‘of Cryptosporidium and Giardia infections are mostly seen 
in children and immune-compromised patients, such as AIDS 
patients. These protozoa in these patients cause abdominal 
distension, malnutrition. fever, ‘vomiting and. diaries 
Toxoplasma gondii and Sarcosytis also have a public heals 
concern. Except of intestinal disturbances, these parasites 
also cause muscle fatigue, cosinophilia and neurological 
tlsordersin humans and animals, Sporulated oncysts are their 
infective stage which is ingested by the humans and animals 
hy drinking improperly purificd” water. 7. gomdi is an 
‘opportunistic parasite of humans and cause neurological 


‘Citations Abbas Z, Kran MK, Rashid A lar Azeam A, AshralH, Zahid Rand Tehsean U, 2005. Transmission Gyrarics 
‘of water-borne protozoa: an insight into current challenges and contra measures in developing countries. In: Agular- 
Marcelino L, Younus M, Khan A, Saeed NM and Abbas RZ (eds), One Health Triad, Unique Scientific Publishers, Faisalabad, 
Pakistan, Vol. 3, pp: 230-237. htps/doiorg/10.4727B/bock oht/2023,100 
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diseases in newhorn and abortion in adults (Squire and Ryan 
2017). The Fig. 1 provides an overview ofthe transmission 
‘dynamict of water-borne protozoa to human ad animal 
hosts, andthe environmental factors that affect their spread. 
Several methods are used forthe detection and diagnosis of 
these parasites. Most commonly. conventional micthod is 
‘used in which protozoal cysts and sporulated oocysts are 
‘detected microscopically from water samples. Some 
serological tests like ELISA, CFT are also common in 
Practice for parasitic detection with more sensitivity 
However, this method can only detect these parasites at genus 
level. Molecular methods like PCR have the advantage of 
slggnosing these parasites at species level. Mareover. these 
advanced technigues have “comparatively much more 
‘sensitivity and specificity (Slater et al. 2022), 


Global Distribution of Water-borne Protozoa 


Water borne protozoan infection is a global issue and is 
‘reported from a numberof countries including Australia (Ma 
tal. 2022), Aftica (Abuseir 2023), Bungladesh (Alam et al 
2014), Brazil (Taverne 2002), Bulgeria (Sotiriadow and 
Karanis 2008), Canada (Herwaldt 2000; Wallis et al. 2001 
Ho etal, 2002; Murrow etal. 2002; Hopkins etal, 2013) 
(China (Zhang etal. 2011; Lv etal 2013: Liv et al. 2014), 
Ethiopia (Ayalew et al. 2011), France (Dalle et a. 2008; 
Villena et al. 2004; Aubert and Villens 2009), Germany 
(Gornik et al. 2000; Gallas-Lindemann et al. 2013), Iraq 
(Raza and Sami 2008), fan (Mabamoud eta. 2015), eland 
(Glaberman etal. 2002: Jeanings and Rhatigan 2002), India 
(Kiran et al. 2014; Jain and Nari 2015), Japan (Uga etal 
2005: Kourent and Karanis 2006), Korea (Cheun etal. 2013 


“Moon et al. 2013), Malaysia (Maso etal. 2008: Kumar et 
al 2014), Nepal (Sa et al. 2013), Netherland (Schets et al 
2008), New Zealand (Webber 2002), Pakistan (Absan-ul- 
‘Widood etal, 2005; Mumtaz etal. 3010; Chaudhary and 
(Chandra 2012; Khan etal. 2013; Masood etal. 2013; Alam 
tal. 2014), Poland (Sroka etal. 2006), Portugal (Lobo et al 
2012), Philippines (Baldo et al. 2004: AL-Hindi and El- 
Kichaoi 2008; Onichandran etal 2014), Russia (Sotriadow 
and Karanis 2008), Scodand (Wells eal. 2015), Spain 
(Perez etal. 2000), Sweden (Widerstf€am etal, 2014; Reh 
tal 2015), Taiwan (Chen etal, 2001), Thailand (Kumar et 
al. 2013), Turkey (Koloren and Demizel 2013; Demirel etal 
2014), Uganda (Tumwine et al. 2002),USA (Barwick et al 
2000; Ho et al. 2002: Lee etal. 2002; Murrow etal. 2002: 
Cope etal. 2015; Bedard etal. 2016: DeSilva etal. 2016), 
United Kingdom (Puleston etal. 2044: MeCann et al. 2014), 


Prevalence 


“Many research have heen carried out to study the water borne 
protozow due to thee public health significance, According to 
S hiterature, 524 outbreaks have been documented tll 2010 
and most oftheir prevalence was found in America, Europe 
and Australia. In Asia, their prevalence is also significant 
(Karanis etal. 2007). Mareover. their prevalence is very high 
in peri-urtan and rural areas of developing countries where 
people tend to use contaminated municipal water, dug well 
water and unfiltered canal water (Mumiar etal. 2010: 
Baldursson and Karanis 2011: Masood et al. 2013; Alam et 
al. 2014; Kumar etal. 2016). Prevalence of various water- 
home znonotic protozoa in diferent countries from year 
2004-2018 has been ksted in Table | 
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‘Table 1: Workiwide prevalence of different waterborne prooaos 


Yeur Country. Est Cases References 
Prevalence 
Giardia aba 
200 USA 36 sda etal, 2016 
2m) Koes 35, Cheun ta 2013 
Bangladesh >379% Alam etal. 2014 
Eis” 41.9% Ayalew eal. 2011 
India” 555 Jaina Na 2015 
Crptosporidian Sp. 
zoos ua Eom a 2014 
2010 Wales, UK a8 ‘MeCann et al 2014 
2010, Sweden 27,000 Widerstbm etal 2014 
2010 Canada 12 Hopkins eta. 2013, 
2011 sweden 20.000 Ren eal. 2015 
2012, Koes” 126 Maun etal. 2013, 
a0} USA™ 7780 _DeSilva etal 2016 
Extanota histo 
2009 Tajikstan "2505 Mathys etal. 2011 
20112012 Nepal 61% Sahetal 2013, 
ans India 284% Kiranetal, 2014 
2m132014 Pakiaan 59% Chaudhary and Chanda 
22 
Toxoplasma Gon 
20002010 tran SR Mabou tal 2015 
2012 Pakisun 758 Khan etal 2013, 
Tuckey 516% ——‘Koloen aad Demirel, 2013, 
2013 Turkey 13.2% Demirel eval. 2014 
2013 Sealand 88% Welleet a. 2015 
2015 Colombia 769% Tivio-Valenea tal, 2016 


‘Transmission of GIT Protozoa through Water 


Water isa necessity for almost all iving beings. But it also 
provides suitable and fayorable route forthe tansmissce 
‘of gastrointestinal protozoa, Once an animal ar human got 
infected by any ofthe protoze, it starts shedding a massive 
amount of infected eysvoocyst in the environment. Due 10 
lose interaction of animals and humans with the astral 
‘sources of water, there are greater chances of infecting these 
soures (Bovorg-Haddad et al. 2021). Additionally. these 
‘water-borne protozoa may reach to ground water by 
infiltration of contaminated surface waters. Most reported 
ccancentrtions of infected cystoneyst in water are up 10 
1Sbfiter of water. However, greater concentrations have also 
‘heen reported from different lakes, ponds, rivers, canals, 
furrows, sewage systems, municipal water and even in 
‘mineral water. Giardia and. Cryptosporidium have. been 
reported as the most frequently associated waterborne 
pathogens. Most deally episode of Cryptosporidium 
‘outbreak was occurred in 1993 in USA. when 0.8 million 
people got hospitalized causing an estimated economic lose 
‘of $96.2 million (Lee 2019). Several outbreaks of other 
‘water-borne protozoa have alsa been documented in diffrent 
regions of the world (Mehardy et al, 2014) 


‘One Health Wied 


“The most common cause of diarhea is protozoan infections 
in humans as well as in animals. Cryptosporidium spp 
Giardia spp., Enveroestozoan and Cyclospora spp. are the 
main GIT protozoa causing diarrhea. Ths is the conclusion 
‘of aresearch dene in Chins during 2012-2013, Fecal samples 
‘of 252 diarheal patents had been collected and examined 
with nested PCR. Out ofthese 252, 76 samples were positive 
for any one ofthese four parasites (Liu etal 2014). A study 
was conducted in Philippines for the awareness of water 
contamination with protozoa most likely Cryptosporidium 
‘pp. Giardia spp. Acanthamoeba and Naeglera, 38 samples 
ffom rivers, lakes, ponds, swimming pools and drinking 
water of peri-urban and rural areas were collected. and tests 
were postive for Cryptosporidium spp. and Giardia spp. by 
‘counting oneystsiter.And PCR tes oe Acanthamoeba were 
also positive as well (Onichandran etal. 2014), 

In France, a ease was presented by in a hospital with severe 
peritonitis and severe abdominal pain. The patient was & 
butcher and was addicted to aleahol. When the case was 
Studied, they found that he was suffering from alantidium 
col. This parasite ts very common in wild animals and pork. 
‘This parasite can easily be transmitted by ingestion of food 
and drinking contaminated water. For this patient, specific 
antibiotic with metronidazole was given fo peritonitis and to 
Stop bloody darthea (Ananthakrishnan and Xavier 2020). A 
‘comprehensive study was performed on outhreaks of water 
hrne protozoan infections during the period of 2004-2010. 
A total of 199 outbreaks were reported during this time. 
‘These outbreaks occurred in Australia, South America, and 
Europe. Prevalence of Cryptosporidium spp... Giardia 
lambia, Toxoplasma gondii. Cyclospora cayetanensis and 
‘Acanthamoeba was reported as 60.3%, 352%, 25, 1.55% and 
1, respectively (Baldursson and Karanis 2011). 

Pregnant women were found the most susceptible host forthe 
‘opportunistic parasites and these parasites were found to be 
very dangerous for not only the mother but also for the new 
ame babies. Toxoplasma gondii is found 19 be very 
prevalent in many European countries suchas Belgium with 
48.15% prevalence (Gebremedhin 2019) in pregnant women 
or those which were just given bir to babies. Similarly. 
25.4% (Glynou et al. 2005). 21.2% (Kansouridou eta. 2008) 
in Greece. 24.6% in Ireland (Ferguson etal. 2008) and 19.8% 
(Masini etal. 2008) prevalence was recorded in Italy. This 
parasite was found to cause neurological disorders in new 
home babies and children of young anes, 

Another study was conducted 1o check the prevalence of 
Cryptosporidium parvum and Giardia lambia in. water 
samples from different countries of Southeast Asia. Total 221 
samples of size 10 liter each from Malaysia, Thailand, 
Philippines and Vietnam were collected, Theses water 
samples were examined with respect tothe methods of United 
states Environmental Protection Agency microscopically 
served and subsequently sereened using RT-PCR assays 
From treated water samples Cryptosporidium oocysts were 
detected atthe rate of 0.06 £0.19 cocyat/Liter concentrations 
‘wile from non-treated water samples at dhe range of 0.13 2 
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0.18 to 0.57 £ 141 oocystlLiter concentrations. Similarly. 
Giardial eyss which were detected in treated water of 
Philippines at concentration of 0.02-+ 0.06 eys/L while from 
‘untreated water samples at concentration of 0.12 20.3108,90) 
+ 1065 cyst. This study revealed the potential sk 10 
‘human population ofthese countries (Kumar etal. 2016). 
‘Toxoplasmosis is a worldwide problem now a days and it i 
‘most common in females. Situation is worst in pregnant 
females around the globe. Toxoplasmosis was found in 
dlilferent sates of America. Prevalence of Toxoplasma 
‘gondii, in Brazil was recorded $1 2% (Avelino et al. 2008), 
(60% (Olbrich-Neto and Meira, 2004), 70.6% (Leao et al 
2004), 77.S% (Porto etal. 2008) 61.2% (Carellos eal 2008) 
and 48.7% (Rosso etal. 2008) was documented in Columbia, 
In Pakistan, a few years ago. drinking and surface waters 
have been examined and the occurrence of Cryptosporidium 
spp. and Giardia lamblia in these samples has been 
associated with dierhea in animal and human population, [a 
recent, samples of tap water, pond water, dug well bore well 
‘water, hand pump water fram KPK were examined and the 
prevalence of Cryptosporidium parvum and Giardia lamblia 
Js heen documented 36% (Alam etal. 2014). 

Similarly, samples were taken ffom patients who were 
suffering fom diarthea with acute abdominal pain, and they 
‘were found positive for Entanveba histolytica, Giaria 
lamblia and Cryptosporidium parvun. Wt has been observed 
that these people had poor socio-economic status and lack of 
facilities oe purified or drinking water and they were tending 
to we contaminated water. Another study was conducted in 
Pakistan and the water samples were examined for the 
prevalence of water bome parasites. thas been observed that 
the prevalence of Cryptosporidium parvum and Giardia 
Jamblia wats highest humans as well sin animals easing 
41 huge economic loss (Masood et al. 2013). Toxoplasma 
[gondii is an important zoonotic and opportunistic parasite 
Basically, itis transmitted by several routes and water is also 
4 source frit transmission, To study the sro-prevalence of 
this parasite in human population, studies conducted in 
dlillerent countries in last decade were compiled just 10 
‘overview the worldwide occurrence ofthis parasite (Pappas 
etal. 2009), 

Toxoplasma gondi isan opportunistic parasite of human. It 
infects “men. women and even children. Having an 
‘opportunistic property. this parasite was found to be very 
prevalent in. Immino-compromised people such as 
HIV/AIDS patients. Because of the Immune deficiency of 
such people, this parasite altacked the central nervous sytem 
fad causes nervous disorders and histopathology of the 
‘amples collected from their brain tissues, showed numerous 
lesions in the brain cells of Toxoplasma infected patents 
(Lago tal. 2009) 

Ts 2006, to lakes and three rivers were suspected to have 
ccontaminatien with water bore protozoa. So, total 57 
Samples were collected from these natural sources snd 
examined with molecular methods such as 
Immunofluorescence (IMS-IF) for Cryptosporidium and 


Giardia followed by polymerase chain reaction-restrction 
ffagment length polymorphism (PCR-RFLP) and it has bees 
observed that out-of 57 samples, Giulia and 
Cryptosporidium cyst were detected at the rate of 
16Scys/10L. Meanwhile, from these samples 
Enterocytozoan bieneusi was also found in 2 river samples. 
[Norespective co-rlation was found in prevalence of ceria 
and protozoa (Coupe et al. 2006). 


Suitability of Protozoan Parasites to Waterborne 
‘Transmission 


“Many’of the protozoan parasites have common physical and 
biochemical features which make them resistant to ecological 
stresses and help in successfl dispersal in the aquatic 
environment, Following are some characteristic features 
which make these parasites to survive in the aquatic 


Shedding of Cysts/oocysts in Huge Amount 


‘One of the characters features of these parasites i the 
asexual reproduction in which one cystooeyst can produce 
thousands of protozoa within the infective host. I enbances 
the probability of survival and transmission ofthese parasites 
in the environment. For example, infected catle with 
Cryptosporidium shed WP oocysts of fees for 3-12 days 
which clearly indicates the huge impact of cattle in 
ttansmiting infective Cryptosporidium to the environment. 
Similarly, humans also play 2 significant role in spreading 
these parasites to the environment and contamination of 
dllferent water bodies and recreational water sources, A clean 
‘example of contribution to contamination is that infected 
hhumans ean shed 10° eysts of Giardia every day (Savioli et 
al. 2006) 


Persistence in the Aquatic Environment 


Protozoan parasites especially, Giardia lamblia 
Cryptosporidium parvum, Toxoplasma gondii. Entamoeba 
Iistlstica and Balantdian colt are highly resistant to the 
harsh environmental conditions, ‘They can survive for 
‘months duc to their outer protective shell. However, i the 
aquatic environment, their survival is significantly afected 
hy increase in temperature. Most of these parasites ustally 
survive for 45 days at 30°C. But their survival goes on 
decreasing with increase in temperature and at 22°C, they 
‘can only survive for 45 days. Similarly, very) low 
temperature also affects the viability of oocysts of these 
parasites. For example, eyssfooeysts ofthese parasites can 
live nly for 24 hours at-207C. The viability and infectivity 
‘of eystsloocysts of these parasites is also afected by solar 
radiation, freeze-thaw eycles, and desiccation (Smith et al 
2000), 
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‘Smaller Size of their Cysts/oocysts 


Most of the protozoa have a very smaller size ranging from 
Im to 50am. However, Balantidium coli is about 150ym 
long. Due to their smaller size, they have a very low specific 
gravity due to which they continue fleaing in the water. 
‘Some researchers stated that sedimentation rate is higher 
regarding the cccurrence of these parasites in waler due 10 
attachment of their eysivoocysts with suspended particles. 
However, other researchers sated controversially anid stated 
that they live freely which makes them more consistent and 
facilitates their transport to other water bodies. Due to this 
characteristic feature, they can pass any physical barir like 
filtration process. Even, these parasites can also pass-through 
‘well-designed treatment systems which allow these parasites 
tw expose the public communities (Savioli et al. 2006) 


Resistance to Chemical Disinfectants 


Protozoan parasites are highly resistant o chlorine-based 
disinfectants at optimum concentrations and exposure times 
‘which are commonly used practices in water filtration 
industries. Even, ifthe chlorine concentration is increased 
‘which might help in killing these parasites it may lead to 
increased concentration of toxic byproducts within the water 
such as halomethanes. It illustrated the failure of the 
disinfection method used for cleaning the water. The best 
method to disinfect the drinking water is by using absolute- 
sized filuation paper (smaller pour size than parasitic 
cystoocyst) and appropriate disinfectant under optimum 
conditions (Betancourt and Rose 2004). 


High Infectivity Rate 


Generally, the infection aller exposure to these parasites 
depends upon immune satus of the host, number of 
‘ystvoocysts ingested and associated risk factors. In any ease 
and condition, avery few eystsoocysts (5-40) are enough to 
‘use infection in the host. For example, 10-30 cacysts of 
Cryptosporidium parvum ate enough of cause infection in 
any kindof host including animals and humans, Similacly. 
25-100 eysts are enough to cause medium infection in 
Inumans. Nevertheless itis even unclear how many’eysts and 
‘oocysts of parsites are present inthe drinking water, but they 
ddo cause infection after ingestion. The reason behind thie 
infection by a single cystoocyst isthe asexual reproduction 
‘by whic they can multiply in hundreds and thousands (Smith 
etal 2006), 


Surveillance and Control Measures 


Due thigh public health concer, water-borne parasites have 
‘become a major challenge forthe sewage disposal and water 
industry which is responsible for providing safe drinking 
‘water to the world population. In this regard, different 
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developed countries like USA, New Zealand, Australia and 
‘Canada have established some standards and regulation to 
their water industries including turbidity monitoring removal 
of cystoocyst through proper filtration process and 
inactivation of detected" water-borne "pathogens. 
Unfortunately, none ofthese authorities made a standard for 
‘estloocyst monitoring of water-borne protozoa, Moreover, 
these authorities were also unable to provide information 
regarding the protazaon species as well as thee infectivity to 
the human population, In contrast, monitoring of eystioneyst 
in the drinking water is compulsory on regular basis in 
England, Ireland and wales. These countries have made a 
Sondard of existing less than one eyst/aocyst 10L" in 
inking water provided by the water industry regardless of 
their viability and infectivity to humans. Regardless of their 
public health concer, presence of more than ane eystloncyst 
{OL inthe water has been considered critical question on 
the quulity and stndirds of water-providing company in 
these countries (Carmen 2010). 

[Based on epidemiological studies of water-borne parasites 
snd their worldwide outbreaks, scientists have made tn action 
threshold level forthe presence of cysts/ooeysts in the water. 
‘means that if the concentration of eysVoocyst exceeds 3-30 
ceystsloocysts 100L" of provided wate, immediate action 
should he taken for the detection of these eystsfoneysts 
through most appropriate method to get the information 
regarding the infectivity as well as exact concentration of 
‘estloncyst in the provide water. Mathematical and statistical 
rico ave been i uselul tool for checking the probability 
of outbreaks associated with water-borne protozoa (Casman 
etal 2000; Poult eta. 2004), 


Conclusion 


Water isa main source forthe transmission of gastrointestinal 
Parasites. Most important. gastrointestinal parasites are 
Giardia spp. Isospora spp. Sarcocystis spp.. Cyclospora 
spp. Entamoeba histolstica, Cryptosporidium spp. 
Balantdiwn coi, Toxoplasma gondii and Acanthamoeba and 
Enverocytozoan  bieneusi. These parasites have a 
‘cosmopolitan distribution and cause huge morbidity and 
Tortality. These parisites mostly cause diaries and 
dysentery The situation of illness s worse in young children 
tnd immunocompromised patients. Due to some 
characteristic features ike smaller size, resistance to 
‘chemicals, igh reproductivty and infectivity rat, they are 
Suitable fr water-borne transmission. Tere is no appropriate 
rmthod forthe removal and inactivation of eysVoocyst in the 
‘water. However, surveillance and control measures are the 
‘only options to control the parasitic transmission through 
water. Exposure of animals to the natural sources of water 
should be stopped or minimized. Sewage water should be 
properly disposed of and irrigation of agricultural land with 
the sewage Water should be stopped. There should be two 
‘way treatment of water betore use, Firstly. proper filtration 
and secondly should he treated with UV light, ozonization 
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and again membrane filtration. By using such preventive and 
‘reaiment "measures, waler-bomne transmission of 


‘gastrointestinal parsites could be stopped oe minimized 
REFERENCES. 


Abuser S, 2023. A systematic review of fequeney and geographic 
“stibuton of water-orne passer in the idle east and 
‘both fies, Eastern Meditertancun Hel Jura 22): 
i 

Awa: Wad AB et al, 2005, Frequency of intestinal parasite 
Tnfesion in children hospital queta Pakistan Journal of| 
‘Mesical Research 4; 87-88 

Alan MS et, 2014, Molecular Detection of Giardia lamblia ana 
‘Crplospevidion parvun in Dilfereat Water Sources of 
District Banna, Khyber Pakinunkhva, Province of Paks, 
Brush Micubiology Research Journal 4 0-88 

ALindi Aland FI-Kichios A 208, Occurence of gasteestnal 
parasites among preschool eile, Gaza, Palestine. TUG 
oar of Natural Suis 16: 125-130. 

‘Avaniulsishnan AN and. Xavier RJ, 2020. Gasoimestnal 
<dseass. In: Ryan ET, Solomon T, Endy TP Hill DR, Avoason 
NE edits. Humes wopical’ meine and emerging 
infectious diseases: Elsevier, pp 1626, 

Aubert D and Viena 1, 2009, Detection of Toxoplasne gond 
oes in Water: peopestion ofa statexy and evaluation a 
CChamspagne-Ardenne Region, France. Memirias do Istituto 
‘Oswaldo Cruz 104: 290-295, 

Aveling MMU etal, 2008, Risk factors foe Toxoplasma gondi 
“infection in women of childbearing age. The Bean Foul 
of lft Diseases 8: 161-174 

‘Ayalew etal, 2011, Prevalence and risk factors of intestinal 
frases among ‘Delph school children, North Cond. 
xipia Jounal of Parasitology and Vee Biology 3:75-81 

Baldo ET et aly 2004 llection statue of intestinal parses in 
‘hildealsing in siden nstzaions in Mewo Mala the 
Philippines. "The Korean Jounal of Parasitology 42: 67-70 

Baldurson § and Karat P, 2011. Waerborve transussion of 
‘Motozoan parasites; Review of worldwide catreaks AB 
‘ulate 2004-2010, Wer Research 45-03-9614, 

Buwitk RS cal, 2000 Surveillance fr watebucne-discuse 
‘utheuks: United States, 1997-1908, Morby und Motlty 
‘Weekly Repri 491-21. 

Badan BA etal 2016, Giana utveak associated with roadside 
‘sping in Renssclaer County. New York. Epdemioloyy and 
Infection 144 3012-3016 

Betancourt WQ and Rose JB, 2004. Drinking water weatment 
frocesses fer semoval of Cryptosporidium and lara 
Neernary Paastlogy 126: 219-231 

Bozocg-Haddad © eta, 2021, Water quality hygiene and bel 
In: Bovorg Haddad 0, et. Economical, pla and sci 
‘ssues in water resources: Elsevier 217-257 

Cuello EV ct al, 2008. Evaluation of penta sccening for 
toxoplastons in Belo Horizonte, Mings Gerais State, Bru 
‘Acrosssetional study of postpartum women in wo maternity 
‘spt. Cademos de Sade Publica 24: 391-401 

CCarment D, 3010. Waterborne transnission of Cryptosporidium 
‘ind Giardia: detection, surveillance and implications for 
Public Heath, Curent research, Technology and Education 
‘Topics in Applied Merobology and Microb Bitecnology 
4 


(Castman EA et al. 2000. Aa ineprated risk model ofa dining 
Waler-bame eeyptospoidions outbecak. Risk Analysis 20 
405511 

(Chaushicy” BL. and Chandea C, 2012. Relationship berween 
intestinal parasite fection and anemic patents Imemational 
Tour of Science and Rescrch 3: 020141314, 

(Qhen KT et al, 2001. A school waterborne cute involving beth 
‘Shigella somel and Entamoeba Misliea. Jounal of 

meatal Health 69-13. 
al, 2013 The Fist oubeak of aass wih inking 
Tn” Korea. “Osong) Public Health and Reseach 

Perspectives 489-02 

(Cope JR tal. 2015. Preveting community-wide wansmisson of 
CChypraspoidiam: 4 proactive. polic hel response 10 
swimming poolasocated cutheak Auglaize County Obie, 
USA. Epidemiology and Infection 143; 3459-3467. 

Coupe S eal, 2006. Detection of Cryptosporidium, Garde and 
uerocvocoon Dieneusi in swfacewatt, inclaing 
recretional fea: a e-year prospective sadly. FEMS, 
Htumanol Jona of Medical Microbiology 47: 351-359 

Dalle Fret al, 2008, Molecular characterization of isolates of 
vtesbome Crypaspordiun: pp collected during un outbreak 
(f gastocnerits in South Burgundy, France. Jounal of 
‘Cnscal Micrbioogy 41: 2690-2603, 

Demigel Ect al, 2014. lnvestigaton on Towplasme gon by 
Polymerise chain’ reaction and op-modiatel, aber 
amplicon an water samples fiom Citesun, Turkey 
Mikrobiyo Bul #8: 61-668 

Desilva MB ct al, 2016. Community wide cryptosporiioss 
‘outbreak associated witha surface waer-suppied fauicpal 
ter sjsiem Baker Cit, Oregon, 2013. Epidemiology and 
Infcton 144; 774-288, 

Ferguson W etal, 2008. Susceptibility of pregnant women to 
Tosoplasma infecson — potent benelis foe newboot 
Screening sh Joumal of Medial Science 101: 20-221 

Gallas Lindemann C et al, 2013. Detection of Toxoplasma sond 
forysts in dierent water esoures.by Loop. Metiated 
[ovheemal Amplification (LAMP). Acta Tropica 125: 281-236 

Gebvemedin EZ, 2019. Toxoplasma god infection in domestic 
‘animals iigpia: Seroprevaence, sk facts chic 
‘seas, slain and genxypng: A review. Soumal of Science 
and Sustainable Development 72): -14 

GGhaberman Set al, 2002. Three. drinking-water-asscisted 
“yplosparidiosis"oubeaks, ‘Norhem land. Emesping 
lndectons Diseases 8: 681-63, 

Glynou Tet al, 2005, Sercpidensology of oxoplstioss in female 
Population in Greece Clinical Microbiology and Infection UI 
Te 

GomikV et a. 2000. Fist giaasis-outeak associated with 
‘contaminated Water supl in Geen. Bundespesundheisbls 
asias7 

Hervaldt BL 2000. C)lospora cayetanensis review, focusing on 
he cutneaks fclespeiasisinthe 1996, Cajal afectous 
Diseses 31: 1040-1057 

Ho AY ct al, 2002, Outbreak of eyclosporass associated with 
imported rasperis. Philadephia. Peanslvania, 2000 
Energing lnfstous Diseases 8: 753-788. 

Hopkins J etal, 2013, An outheak of Captosporidum st a 
recreational waterpark in Niagara Region, Canada Foural of 
Environmental Health 75: 28-3, 

Juin CB an! Nabi Ry 2015, Prevalence of Giariasis i chien 
hum rural areas of Aurangabad, Mabuashura. Journal of 
Medicinal Chmisry 2015. 758-762 


Unique Scientific Publishers 


Jeong: P and Rhatigan A, 2002. Crypospoidinis oubeesk ia 
ela inked to publi water suppl. Eurosurveillance Weekly 
6 

Kansouzdou A etal. 208. Laboratory dagooss of Toxoplasma 
‘nd infection in population in Noahern Greece. China 
‘Microbiology and lection 14: 720 

Karanis P et al, 2007. Watebome tansission of protozoan 
parasites: A worldwide review af outbeaks and less era. 
oar of Waters Heath $1 

Khan Act al, 2019, Evaluation of province apd sk Gets 
‘associated with crypesporidiam infection in ul population 
of dstit bute. pakistan. PLAS One 11): 0200188 

han Total, 2013, Molecular detection of Toxoplasia gon in 
water sauces of istrict Nowsbehea Khyber Pakiualwa, 
Pakistan Journal o Toxicology and Environmental Health 76 
STAHL, 

Kiran TN et al, 2014. Inestinal puasie infections and 
moyraphic status of school children in Bhopal region of 
Cental India 1OSK Journal of Phannacy and Biological 
‘Sciences 9: €3-7, 

KolorenZ ad Deel E, 2013, Detection of Toplsma gond in 
“Turkish River and Drinking Wate Samples by Different PCR 
and LAMP Methods CLEAN - Soil, Ai, Water 41: 963.968 

Kure C an KaranisP, 2006. Evaluation and applicability f & 
‘pulfcation meth coupled with nested PCR forthe detection 
SF Toxoplasma oossis in Water. Levees in Applied 
Microiclogy 48-4758 

Kamar T et al, 2016, Presence of Crypasporidius parva aid 
‘Giardia lamblia in water samples fom. Southeast Asa: 
towards an integrated water detection system. lfectous 
Discuss of Poverty 5:3. 

Kamar Teta, 2014. Comparative sty on waterborne parasites 
‘between Malaysia and Thailand: A new insight. American 
oar of Tropical Medicine and Hygiene 90: 682-689, 

{Lago EG et a, 2009. Tarplasn oni antibody pri in HIV 
‘infected "pregnant women and the tisk of congenital 
toxoplasmosis. European Joural of Clinical Microbiology & 
Infectious Diseases 28; 345-35. 

‘Leao PR tal 2004 Toxopasmuss: Seroprevalece in postpatun 
‘women aended by SUS (Brazilian Public Health System 
Revista Brasera de Ginecologia e Obscsca 26: 627-632 

‘Lee KM, 2019. The Critical Role of Chemical re“Treatment in 
Ensuing Cryplospoidiam Removal by Fikation of High 
‘Quality Source Water. Master’ thesis, University of Waterloo. 

‘Loe SH et al, 2002. Surveillance for waterborne dscasecuteesks 
United Sites, 1999-2000, Marbuity and Morality Weekly 
Report: 1-7 

Liu H etal, 2014. Prevalence and genetic characterization of 
Cripsospeidn, Emerestocoon. Garda and Cyclospora in 
‘rhea! etptintsin china BMC Infectious Diseases 14:25 

‘Labo ML etal. 2012. Microsprii as emerging pathoges and the 
“impli fr public health: a 10-year study HIN -pocive 
and -aegative pains International Jounal for Parstlosy 
eters 

Ly S$ et al, 2013. Wateetelaed puasiie diseases in China 
Intemational Joumal of Envirodmental Reseach abd Public 
Healt I 1977-2016. 

‘Mas¥ etal 2022, Waterborne protcan oubeaks: An upd on 
‘he loa regional and nathnal prevalence fam 2017 192020 
fad» sources of contamination, Science of the ‘Tou 
Eaveonment 806: 150862. 


‘One Health Wiad 


Mahmoud MR ot al, 2015. Detection of Acaathamoeta and 
Tosoplasna i Rivee Wate Samples by Melccalar Methods 
tr, raian Jour of Pssitology 10: 251-257 

Mansol HET et al. 2008. Gasuontstinal prtazoan parasites 
‘amongst Schodlldeen in Toanam, Sa. A Journal of 
Science and Technology 23: 45-51 

Masini Let al, 2008, Epiemilogic study on anti-Toxoplasma 
eum antibodies prevalence in an bse population. 
Tnernational Journal of Gynccology and Obscuics 20: 150: 
1 

Masood § et a, 2013. Prevalence af Crypeaspoidiun ancy in 
ovine af different livesck farms” by conventional 
nicresepic and molecu techniques Jour of Animal and 
Pati Scenes 23: 1588-1594, 

“MatysB tal. 2011. Prevalence and sk factors of helminths and 
intestinal protozoa infections arong childen fom primary 
schools in Western Tajikistan, Parasites and Vectors 4 198 

MecCana Rt al. 2014. An outbreak of cxypospardinis at 
Stvmuming elubecan rapid ld epidemiology lint th speead 
ofilness? Epidemiology and Infection 142: 51-55, 

Metlay 1H etal. 2014. Detcton of intestinal protozoa inthe 
‘ical lbocaory. Journal of Clinical Microbiology 82: 712 
70. 

Mona $ etal, 2013, Epidemiological charscteistics of the ist 
Wwate-borbe cute of eryposporidiss in Seoul. Korea 
“Tour of Korean Medical Scence 28: 98-389, 

Mussa Set al, 2010. Frequency af erpiospotdim infection in 
‘ren unde five yeas of age having darhea inthe Noth 
‘West of Pakistan. Aficun Journal of Bitechnolgy 9: 1230- 
1, 

Murnow LB et al, 2002. Oudveak of eyclosporasis in Fulton 
‘Couniy, Georgia. Goorgia Fpidemiolony Rept 18: 

(Otvih- Neto and Meira DA. 2004, Serqrevalence of HTLV, 
HIV, syphilis and toxopasmss amg prepount women seen 
at Botucatu ~ Sao Paulo Bra isk factors for HTLV-UIL 
infection. Revista ci Sociedade Braieira se Medicina 
‘Tropical 37: 28-32 

Onicha Set al, 2014, Waterborne passes a curent sats 
om the Pilippines. Parasites and Vectors 7-244 

Pappas G et al, 2000. Toxoplasmenis snapshots: Global stats of 
"Toxoplasma. gondii seropevaeace and implications for 
preganey and congenital txoplasmoss nteratonal ural 
Foy Parasitology 39 1385-1394, 

Perez Eta. 2000, Oueak of exyptosperiiois in Guadarrama 
(autonomous community of Madrid). Revita Espatols de 
Sled Paes 74:597-336 

Porto AM etal, 2008. Serologic profile of taoplasmass in 
Tegan women attended af x feacing-bospial in Recife 
Revise ds Asociacao Medica Beli Si: 242-248 

Poullo Reta, 2004. APSA Cryprosporidue Study Group. A 
‘quaitive isk asersment of watrbome eryptoporisis in 
France using sccond-arder Monte ‘Carlo simulation. Risk 
Analysis 261-17, 

Pulesoa RL et al, 2014, Fist ced outeak of 
“typtorpridoss due to Cryo sporidium eunicuur (oametty 
‘abhi notype) following a water qual incident. Jour of 
‘Water and Healt 1241-50, 

Raza HH and Sani RA, 2009, Epidemiological study oa 
"asirieestinalparastes among dillerent sexes, cccupatios, 
find age Joups in Sulaiman dstict Youmal of Dubok 
Univessiy 12:317-323, 


Unique Scientific Publishers 


Transmission Dynamics of Waterbome Protozoa, 


[Rohn M eta 2015. Postinfetin symptoms following wo lage 
‘terre outbreaks of Cryprosporidam hominis ia Note, 
‘Swede, 2010-2011, BMC Publi Heath 15:1 

Rosso F et aly 2008, Prevalence of infection wth Toxuplasina 
‘nat ong pregnant women. in Cab, Colombia, South 
“Ametcs, American Jounal f Topical Medicine and Hygiene 
7x: 500-508 

‘Sah RBetal, 2013. A study of prevalence ofitstinlpuaies and 
associated ssk factors among the schoo childen of Kabat, 
stem Region of Nepal. Tropical Prasislogy 3: 140-144 

Savio Let al 2006, Glardia and Cryptosporidium join the 
‘Neglected Disease Inte. Tends in Parasitology 22: 203- 
208. 

Schels FA etal, 2008, Monitoring of waterborne pabogens ia 
surface Wales ia Amsterdam, the Netbeflands, and the 
pete health risk asaciated with exposure 10 
Coptospridian and Gada in these wate. Applicd. ad 
“Envtenmental Microbiology 7: 2069-2078 

Slater Let al, 2022. Curent methods for the detection of 
plasmodium pute species infecting. humans. Cures. 
Resetch in Paasitology and Vectr-Borue Diseases 2022 
To00 

‘Smith A et a, 2006, Outbreaks of waterborne infectious isin 
disease i England and Wales, 1992-2008. Epidensology and 
Infection 13414-1149 

Sottadou T and Karis P, 2008. Evaluation of loop-mediated 
“aothermal amplification fr detection of Topas gonad in 
‘Water simples and comparative findings by paymerase chun 
feacton and inmunolluoescence test (IFT), Diagnontic 
‘Microbiology and Tfetius Disease 62. 357-365 

Squire SA. and Ryan U, 2017. Cryprasporidim and Gara i 
“Asia: cueat and fuse challenges, Paaites and Vectors 10: 
195 


‘Sroka J etal 2006, OcumtenceofToxoplaa gna in water om 
wells located on furs. Annals of Agricultural and 
Envigaumenal Medicine 13: 169-175 

‘Twyeme 1.2002, Toxoplatsis in Bri, Trnds in Passitology 
1 205-204 

“Tavito- Valencia I eta, 2016, Detection by PCR of pathogenic 
rotors in raw and dikable water samples in Colombia. 
Patsitlogy Rescrch 115: 1789-1797 

“Tumsine JK et al, 2002. Eeroestcoon Bienes among chiles 
With athe ateading Malago hospital in Uganda. Americas 
outa of Tropical Medicine and Hygiene 67: 299-303, 

(Upa S et al, 2005, Intestinal paras infections in schoolhildren 
in‘s suburban area of Han, Vietnam, The Southeast Asian 
outa of Tropical Medicine and Public Heath 36: 1407-1811 

Villent etal, 2004 Evaluation ofa strategy fr Fsoplasme pond 
‘oxyst detection in water, Applied and Eavcontental 
Microbiology 70 4035-1039 

Walls PM etal, 2001. Application of monitoring data for Gra 
tnd Cryptosporidium to boil water advises. Risk Analysis 
31; 1077-1085. 

Webber C. 2002. Outbeak of gialasis in Bay of Plenty and 
‘Manat. Angual Sununaty of Outbreaks in New Zeal 
2001, Report for he Minis of Health, Api 202 

Well Beta 2015. Molecular dsection of Texoplasns gondii 
‘er samples Gm Scotland and «comparison between the 
$Sn0bp realsime PCR and TTS nested PCR. Wate Reseach 
ATS 

Widersu€om M eta, 2014. Large outbreak of Cryposporidm 
‘hominsifetion wansmitiedtizough the public Water supply 
Energing lfctous Diseases 20: 581-589 

Zhang X et al, 2011, Meniicaion and genotyping of 
Enterocyozoen bioncusi in Chiaa. oust of clinical 
microbiology 49(5): 2006-2008, 


Unique Scientific Publishers 


Cryptosporidiosis and Giardiasis: wo Common Foodborne Parasitic 


Infections 


AUTHORS DETAIL 


‘Mubammad Arfan Zaman’, Sana Arif Imad Rashid, 
‘Farwa Humak*, Sobia Ami’, Ayesha Arif, Warda 
‘Qumar, Tuba Riaz ra Tahir” and Snober Za? 


‘Section of Parasitology, Department of Pathobiology, 
College of Veterinary and Animal Sciences, hang, 
‘Sub-Campus University of Veterinary and Animal 
es Bas 

Alastitute of Home Sciences, University of Agriculture, 
Faisalabad 


Deparment of Clinical Medicine and Surgery 
University of Agriculture, Fasalabad 
“instiate of Microbiology, University of Agriculture, 
Faisahad 
“Veterinary Research Insitute, Lahore Cant 
“Department of Zoology. Government Colle Women 
University, Faisalabad 

“Department of Parasitology, University of Agrculure, 
Faislahad 


Received: Sept 19, 2022 


INTRODUCTION 


Recent times have seen a lt of interest in infections caused 
‘hy food and water. A group of disorders commonly known as 
ocdborne disease” arise asa result of eating fod that has 
been tinted by chemicals or microorganisms. The sickness 
can be spread even by tainted water, utensils, and users! 
hands, Thitd-world counties have a greater fequency of 
food-related problems thin developed countries. In rural 
regions, households still use untreated water for drinking, 
cooking, vashing fruits, huthing, and swimming, exposing 
residents to diseases other than protozoan parasites. The 
‘majority of people inthe globe sil lack access to clean water 
and sanitary facilites. (WHO 2014: layed 2016). As aresult, 
millions of people in developing nations face « major risk 


fom the posbility fr protozoan infections being introduced 
into theit water supply. However, this does aot imply that 
these illnesses do not exist any part of the world, While 
there are several early warning signs of food-related 
disorders, gastrointestinal dysfunction is frequently 
‘employed to make the diagnosis, 

‘Acute, recurring, and impairing disorders can all be brought 
‘om by parasites (Alvi etal 2020: Strbac eta, 2020: Kandeel 
et al. 2022: Mahmood et al. 2022). Almost everywhere in 
nature, parasitic protozoa may be found. They bear 
responsibility for epidemics and persistent poverty in both 
developed and underdeveloped countries (AI-Malki 2021) 
Since that certain parasites dre zoonotic in origin and hence 
live tm animals their dominance in food and water should be 
‘eansidered to be a public health issue (Thompsen 2013). A, 
umber of illness outbreaks that have been connected to 
Parasites in the past have caused a rise in the incidence of 
‘water-and food-borne parasites throughout time. In 2014, the 
Food! and Agricultural Organization of the United Nations 
(FAO) and the World Healt Organization (WHO) issued 
their global risk assessment of foodbome parasites (FBP) 
(WHO). Although being accepted as substantial foodborne 
pathogens, parasites ae still undervalued when compared to 
hucterial and viral foodborne pathogens (Torgerson etal 
2015). It was followed in 2015 as a worldwide burden 
associated with foodborne pathogens (Trevisan et al. 2019), 

Cryptosporidium spp and Giardiaspp are the important 
Profozcans causing diseases both in livestock and humans 
(Leung etal 2019; Gorcea etal, 2020) Across the world these 
parasites have posed serious trea Despite the standard test 
for the diagnosis of these parasites and different treatment 
methods, the spread of these parasites is uncontrollable due 
tw other managemental disorders (Sivila etal. 2020) ln this 
study, we summarize etiopathogenesis, epidemiology and 
Preventive measures foe zoonotic eryplospordiosis and 
(Bais. 


Cryptosporidiosis 


Abdominal discomfort, vomiting, and diarrhea are the 
hallmarks of eryptosperidioss, a zoonotic protozoan disease 
‘caused by the widely” distributed ‘Cryptosporidium 
(Dillingham et al. 2002). After consuming food or drink 
tainted with ooeyst-containing feces, this parasite can spread 
through the faeeal-oral route (Tzipori 2000; Tziport and 
Ward 2000), About the pathogen's natural reservoir hosts, 
there is curretly no accurate information (Khalil et a.2018). 


‘Citations Zaman MA, AnfS, Rashid, Humak F, Arie AnT®, Qamar W, Raz T, Tahir and Za S, 1023, Crypiosporidions 
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‘Cryplosparidiosis and Gierdiasis 


‘Tyzzer discovered Cryptosporidium during the frst decade 
cof the 20th century (Tzipori and Widmer 2008), but it wasn't 
‘until 1976 that it was revealed to bea opportunistic parasite 
fof humans (Meisel et a.1976, Nime et al.1976). It was 
discovered in 1982 that Cryptosporidium can cause self 
limiting. diarrhea in people and. in those with impaited 
immune systems, can even be fatal (Fayer and Ungar, 1986; 
Majeed etal, 2022). The parasite can complete its ile cycle 
‘with asexual and sexual repreductive stages on just one host 
(Tripoci 2002: Tzipari and Widmer 2008). There are 
ccurtently atleast 30 species in the genus Cryptosporidium, 
fut fom the perspective of zoonotic transmission, 
Cryptosporidium parvum and Cryptosporidium hominis are 
the mos significant (Ryan et al. 2014: Thomson et al 2017) 
‘A few members of the Cryptosporidium genus are own to 
infect several species including mammals, birds, and reptiles 
(Leitch and He, 2012 Zahedi et a. 2016). Members of the 
‘genus are extremely particular to their hosts. The phylum 
“Apicomplexa contains the internal parasite Cryptosporidium, 
‘whieh is important for boch humans and animals (Suarez et 
al. 2017). Cryptosporidium species cannot be grown in vitro, 
in contrast to other Protozoa members (Karanis 2018). The 
only way to reduce the spread of this parasite is to tke 
preventive measures, as there is no commercially licensed 
‘Yaccination to prevent Cryptosporidium infections and high 
contagiousness (Thomson etal. 2017). 


Life Cycle of Cryptosporidium 


Each Cryptosporidium oocyst releases four sporcesits into 
the host's intestine (Tzipesi 2000, Teipori and Ward 2000), 
‘After excystation, sporozoites invade a host membrane that 
thas been modified and is now isolated from the cytoplasm. 
This invasion causes the formation of a parastophorous 
‘vacuole, where schizogony/asexual reproduction takes place, 
producing # merozcites (Bouzid eta. 2013). The infection 
Spreads additional places in the intestines through the 
ahility” of the generated merozoites to penetrate the 
‘neighboring epithelial cells. The merazites 0 through two 
dlistinct cycles after that= an asexual stage during which they 
repredace and create thin-walled oocysts that cam infect the 
host on their own, and/or a sexual stage during which type I 
meron are produced and differentiate into microgametocytes 
land macrogametocytes. Ax a result of the union of these 
‘mjerogametoeytes and macrogametocyes a diploid zygote is 
created, which goes through sporogony to produce four 
sporozoites inside thick oF thin-walled oocysts (Teipori 
2002). The thick-walled oocysts, which are ready to infect a 
‘new person, are released nthe feces (Bourid etal. 2013 
Jenkins etal. 2010) 


‘Transmission of Cryptosporidiosis 


Nearly every region in the world has documented cases of 
(Cryptosporidioss, however, outbreaks are primarily linked to 


drinking contaminated water or using unsanitary swimming 
pools (Fayer etal. 1997 Fayer eta. 2000), The prevalence is 
probably substantially greater than the number of recorded 
‘eases hecause of the sharp rise in cryposporidnsis incidence 
‘over the work aver the pas few years, which is well-depicted 
by clinical signs (Shrivastava eal. 2017). The diference in 
the prevalence of Cryptosporidium in developed and 
developing nitions can be related to the latter's residents’ 
‘continued lack of access to clean drinking water and adequate 
sanitary facilities (Bouzid eta. 2018; Shoulz eta. 2010), 
thas been determined that at least 80 distinct species of 
Cryptosporidium can cause sickness in bob people and 
snimals. The most typical species that harm humans are C. 
hominis. C. parvum, C. canis, C. felis, and C. meleagridis 
(Glapets 2013; Ryan et al. 2014: Ayinmode et al. 2018). 
parvum isthe most frequently discovered to be connected to 
{intestinal Cryptosporidiun infections in people out of these S 
species. Humans and ruminants serve as C. parvum hosts, 
Thence it primarily affects people wh frequently interact with 
ruminants (Dixan etal. 2011; Hunter and Thompson 2005) 
‘Animals can transmit Cryptosporidium to people, however 
such cates are extremely rare, According to reports, rats 
horses, sheep, gous. and goats are the mn sources of uma 
‘exyplosperidiosis (Hunter and Thompson, 2005: Ehsan et al. 
2015; Thomson etal. 2017). When it comes to C. canis and 
© felis, dops and cats, respectively. carry these parasites 
without displaying any’ symptoms of illness (Ehsan et al. 
2015; Shrivastava etal. 2017), However, these house pets 
prose threat t the spread of Cryptosporidium to Penple 
(Leitch and He 2011; Ryan etal. 2014), 


Clinical Picture of Cryptosporidiosis 


An episode of slfimiting watery dashea is brought on by 
{gastroenteritis brought oy a Crptosporidim sfection 
{Bouzid etal. 2013; Shouts etal. 20162 Aer etal. 2017 
Kuli etal 2018) Even people who have never previously 
had contact with animals rum the risk of contacting the 
seas if they mistakenly’ consume pool water tha eontins 
oocyte or dink unseate water (Fayer etal. 1997 Fayer et 
2 3000: Bousid eta. 2018) In people wih poor heals or 
impaired immune systems. the eondiion may. progress 
severely (Bou et al 2013; Frese et a. 2016; Wang et 
a 20184). According to careful calculations 
‘ryplosporidioss lilly more than 50.000 people per year 
(Shirley et al 2012: Wang etal. 2018). Following oocyst 
consumption and infection, Crptoxporidium damages the 
intestinal membrane, casing increased penmeatiliy 
decrease absorption. and increased Mid and clecoolste 
‘ouput Per eta 2040: Kumar tal 2018). The oot ate 
paricularly resistant to ehlrne,chloramines, and chine 
{ioxide. which allows them to survive fora very long ime 
the environment (Shrivastava etal. 2019)- Humans can 
become infected with Cryptosporidium by touching objets 
that have come into contact wilh contaminated feces 
Ingestion of o0eyss found in contaminated fod, wale, oat 
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is the mos typical method of transmission (Petey etal. 2010: 
Shrivastava etal. 2017). Recent data have demonstrated that 
respiratory secretions can also transfer eryptosporidiosis and 
cause pulmonary infections (Sponselier et al. 2014) 
Cryplosporidiosis is more likely to affect hosts with 
‘compromised immune systems than immunocompetent 
individuals. In immunocompromised HIV/AIDS patients, 
exyplosporidiosis can result in severe outcomes, including 
death (Samie etal. 2014; Wang etal. 2018). n addition to 
causing fever and poor food absorption, Cryptosporidium 
‘user pancreatitis, sclerosing cholangitis, and billary tract 
blockage (Wang et al. 2018). 


Diagnosis Tools for Cryptosporidiosis 


‘The primary diagnostic methods used all around the world 
inyolye detecting DNA in fecal samples or Cryptosporidivan 
‘oocysts in feces by microscopy. Diarhea associated with 
cxyplosporidiosis is watery, which is often a symptom of 
many other illnesses. As a result, infections with otaviruses, 
coronaviruses, Salmonella spp. and Escherichia coli are 
included in the diferenuial dagnosis for Cryptosporidivn 
‘(Mehta 2002 Khurana and Chasdhary, 2008). The diameter 
‘of a Crptosporidium oocyst anges fom 4 o 6 jm (Khurana 
and Chaudhary. 2008: Ahmed und Karanis 2018). Three fecal 
‘amples collected on diferent days should be examined 
microscopically in order to rule out a Cryptosporidian 
infection in people with severe diarrhea because the detection 
‘of Cinprosporidium oocysts in fecal challenging (Omoruyi et 
al. 2014: Khurana and Chaudhary, 2008). Additionally the 
fecal sample needs to be concentrated with formalin-cther to 
increase the likelihood that an oocyst will he seen under a 
_mieroscope (Pacheco etal 2013). 

‘The Zichl-Neelsen method and phenol-auramine staining are 
further options for staining the bocysts, Oocysts are colored 
red or bright yellow by the stains, respectively (Omoruyi et 
al 2014 Khurana and Chaudhary, 2008). Despite being the 
most often used diagnostic tol and being simple to use and 
inexpensive, the microscopic diagnesis of Cryptosparidia 
oocysts has a low sensitivity (up to 30%). Furthermore, 
‘accu diagnosis by microscopy heavily depends om the 
‘mieroscopist's taining. According to some reports, staining 
‘oocysts with a modified acid-fast stain ean boost sensitivity 
by up to 55%. The two highly sensitive and specific 
procedures to diagnose Cryplosporidiosis are the immuno- 
‘chromatographic test and enzyme-linked immunosorbent 
assay (ELISA) (Agnamey et al. 2011; Hawash 2014), 
‘Additionally, these antigen/antiboay-based detection 
techniques are thought to be ineffective in patients whose 
‘cyst load is below the cutoff (Havash 2014). Additcnally. 
these techniques are costlier than polymerase chain reaction 
(PCR), the industy-standard method for finding 
Cryptosporidium in stool samples. Microscopy, ELISA, and 
immunochromatogeaphic tests have been found in earlier 
studies 10 be inferior to PCR in terms of sensitivity. 
specificity, and cost (Autier et al. 2018; Friesen etal. 2018), 
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Along with being superior to oer oncyst_ detection 
techniques, PCR is not always available in all laboratories. 
‘Additionally this technology cannot be used in developing 
nations due’ to issues like cost and the requirement for 
technical skills 


Giardiasis 


Food-borne giardiasis sa disease caused by the ingestion of 
food or water contaminated with the Giardia spp (Mazer et 
al 2022). Giardia species have a typical life eycle that 
feonssts of two active trophozoite and cystic forms. By 
dlirecly or indirectly ingesting infected cysts. this parasite 
‘spreads through the fecal-ral pathway. Aller eating cysts, the 
incubation period lass somewhere between 9 and 15 days 
‘The symptoms of this illness include diurthea, abdominal 
pain, nausea, and vomiting, which can last for several days 
{Linscot 2011) In some eases, the symptoms may persist for 
several weeks, leading to severe dehydration and weightloss. 
‘According to Rendtorif (19S, the infective dosage might be 
2 litle as 10 cysts, making host-o-host transmission ear. 
Giardias pp spreads to new hosts via the faecal-eral pathway. 
which involves eral contact with eyst-containing food or dink 
‘or direct contact with human or animal feces. Giardia is nok 
‘considered as an opportunistic infection that eauses persistent 
symptoms and enteritis in immunocompromised. persons 
Giatdiasis symptoms in HIV-positive people are comparable 
to those in HIV-negative people 


Life Cycle of Giardia 


Giardiasis sn intestinal infection caused by the protozoan 
parasite, Giardia spp (Einarsson ct al. 2016). The life eycle 
Of Giardia involves two stages: the eyt and the tophozvite 
(Bernander ea. 2011), The eystis the infections stage ofthe 
parasite It is a hardy, environmentally-resistant form that is 
shed in the feces of infected animals and humans (Gerba 
2001). The eyst is capable of surviving outside of a host for 
several months, making it highly muimissble tarigh 
‘contaminated food and water sources. Once the eyst is 
ingested by a host it transforms into the trophazoite sage 
(Evans-Osses et al. 2017). The tophozoite is the active 
motile form of the parasite. It ataches 10 the lining of the 
small intestine and begins to reproduce by binary fission 
(Ukbal etal. 2022). The trophozoite stage is responsible for 
the “symptoms of giardiasis, which include diarrhea 
abdominal pain, and bloating. After several days in the host's 
small intestine, the trophozoites undergo a process called 
fencystation (Mendoza Cavazos et al. 2023), During this 
process the trophozoites transform back into ests which are 
then passed out ofthe host inthe feces (Smogula et al. 2023) 
‘The cysts ae shed into the environmen through the feces of 
infected hosts. They can survive in water, soil, and on 
surfaces for several months. allowing for transmission to new 
hosts through contaminated food and water sources 
(Carmena 2010). Once ingested by a new host the eysts 
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transform back into the ative trophozoite form, continuing 
the lifecycle ofthe parasite. Overall. the lfeeyele of Giardia 
spp is characterized by the alternation between the cyst and 
trophozoite stages, which allows the parasite to survive in a 
rage af environments and infet new hests (Ehreakaufer et 
al 2018), 


‘Transmission of Giardiasis 


Giardisis i an intestinal infection caused by a microscopic 
parasite called Giardiaspp. This infection is sully 
‘wansmitted through contaminated water. food, or surfaces 
(Balderrama-Carmna et al. 2017). The most common source 
‘of transmission of giardiasis is through the ingestion of water 
that has been contaminated with Giardiacysts (Daly etal 
2010). The eysts can survive in water for weeks, making it 
possible for people to become infected by drinking water 
from contaminated sources such as streams, lakes, or poorly 
‘maintained water systems (Karanis et al. 2007). People can 
also become infected by consuming food that has been 
‘contaminated with Giardia, suc as aw or undercooked mea, 
fruits. oF vegetables that-have been washed with 
‘contaminated water (Moreira etal 2005) Giardasis ean also 
‘he transmitted from person to person through the fecal-oral 
route (Bui etal, 2016), Tis means that people can become 
infected by coming into contact withthe feces ofan infected 
person, such as when caring for someone who is sick oF 
changing the diaper of an infected child. People can also 
Thecome infected by touching surfaces that have been 
‘contaminated with Giardiaand then touching their mouths oF 
face (De France etal. 2022), I's important to practice good 
hygiene, such as washing your hands regularly and 
thoroughly. avoiding drinking untreated water fom natural 
sources, and properly preparing and cooking foed, to redce 
the risk of contracting giardiasis (Yakubovma ct al. 2022) 


Clinical Picture of Giardiasis 


‘The clinical picture of Giardiasis can vary widely. with some 
people experiencing no symptoms. while others may have 
severe symptoms (Choutka et al. 2022)."The symptoms of 
Giardiasis usually appear 1-3 weeks after infection and can 
last for several weeks to months. ‘The most common 
symptoms of Giardasis include Diarthea - which can be 
‘watery or greasy abdominal cramps and bloating. nausea and 
‘vomiting loss of appetite and weight los, fatigue, Excessive 
gs or flatulence, foul-smelling stools that may be pale oF 
sreasy. fever (low grade) (Sengupta and Chakraborty, 2023), 
In severe cases, symptoms can include, dehydration, anemia, 
malnutrition, and chrenic diarhea. In same cases, people 
‘with Giardiasis may experience recurring symptoms even 
fier the infection has been treated (Beiting and John 2022), 
Ie is important to note that not everyone infected with 
Giardiawill have symptoms, but they can still spread the 
infection to others, The risk of death fom giardiasis is 


_gencrally low, but it can oceur in severe cases, The parasite 
‘ein cause dehydration and malnutrition, which ean be life 
threatening if not treated promptly (Weil et al. 2020) 
‘Additionally, in rare cases, the parasite can cause 
‘complications such as pancreatitis er a bowel obstruction, 
‘which can also be life-threatening. Foodborne giardiasis can 
result in significant economic losses due to its impact on 
human health and productivity (Mateusa etal. 2023). The 
direct costs of giardiasis can include medical treatment, 
hospitalization, and lost produetivity due to illness. Indirect 
cose can include lost income and decreased economic 
activity die to decreased predictivity (Collier eta. 2012). la 
audition, outbreaks of foodborne giardiasis can have a 
significant impact on the food industry resulingin decreased 
consumer confidence and reduced demand for affected 
products (Slifko etal 2000). Tis can lead 1 decreased sales 
tnd revenue for food producers and retailers. Overall, the 
production losses caused by foodborne giardiasis ean be 
Significant and can have both short- and long-term impacts 
fn individeals, businesses, and the economy as a whole 
(Daniel etal. 2020), 


Diagnostic Tools for Glardiasis 


“The diagnosis of foodborne giardiasis can be made through a 
‘combination of clinical symptoms, laboratory tests, and 
cpidemiologial investigations (Smith etal 2007). Some of 
the diagnostictools used to identify giardiasis include, the use 
of stool examination to identify the presence of Giardia cysts 
fr trophozoites. Is he most commonly used diagnostic tool 
for giardiasis and has high sensitivity and specificity Gok et 
al, 1990: Hooshyar et al. 2019). Antigen detection tests are 
also used to detect the presence of Giardia antigens in stool 
samples using immunological methods. They are typically 
tsed when the microscopic examination is inconclusive or 
when there is a need for rapid diagnosis (Gongs etal 
2002). Other techniques include PCR which is a molecular 
‘diagnostic tool that ean detect the presence of Giardia DNA. 
in stool stmples, PCR has high sensitivity and specificity and 
‘an detect the parasite even in low concentrations. However, 
it is more expensive and requires specialized laboratory 
‘equipment (Stark etal. 2011; Laude eta. 2016). Serological 
tests detect the presence of antibodies against Giardia in 
blood samples (Gilpin et al. 2022). In addition to these 
diagnostic tests, epidemiological investigations can help 
idemify the source ofthe outbreak and the food or waterborne 
transmission ofthe disease, This may involve interviewing 
patients and collecting information about their recent food 
tnd water consumption 


Prevention of Giardiasis 


Prevention is key in controlling the spread of food-borne 
ssiadiass (Hosseinian 2022). Proper food handling 
Preparation, and storage practices can help to prevent the 
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contamination of food with the Giardiaparasite. Here are 
‘some prevention strategies that can be employed, Cleanliness 
‘practices such as hand washing and cleaning of surfaces used 
in food preparation can prevent contamination (Osalo et al 
2022), Safe food handing eg Foods should be cooked atthe 
appropriate temperature, refrigerated promptly. and reheated 
Properly to avoid the growth of bacteria, Water purification 
like Drinking water should be treated, boiled or filtered 10 
remove parasites and bacteria (Malan and Sharma 2033) 
Proper sewage disposal systems and regulations can reduce 
the risk of contamination of water sources. Safe agricultural 
practices in which the use of lean water for iigation and the 
‘use of appropriate pesticides and herbicides can reduce 
‘contamination. Overall, fond-bome giardiasis can be 
Prevented through proper food handling. water purification, 
and sale agricultural practices (Desalegn et al. 2022), 
‘Awareness campaigns and education can also play a 
Significant role im preventing the spread of this disease, By 
‘practicing good bysiene and following proper food landing 
practices, we can help to reduce the incidence of food-borne 
‘Bardiasis and. promote good health in ur communities 
{Aghalak etal. 2019), 


Conclusion 


Giardia aad Cryptosporidium are vo parasites that 
frequently go unnoticed and undiagnosed yet represent 
scrious problems for public health globally. Despite the 
‘widespread occurrence and severe effects of these parasitic 
diseases, which are mostly seen in immunocompromised 
aienls thee are significant flaws in dhe preseat control 
programs, particularly with regard to the diagnostic resources 
available. The majority of diagnostic procedures also 
frequently misdiagnose the illness in endemic regions. In 
‘order to more accurately detect infections and outbreaks and 
lessen the burden that these parasites place on the public 
health system, more evidence-based advancements in the 
sbagnosis nd treatment of giardiasis and eryptosporidiosis 
are necessry, It is necessary to reate molecular approaches 
that are sensitive, specific, straightforward ious, aflordabe, 
fand high throughput because carly detection is the most 
cfective way to combat the illness. 
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INTRODUCTION 


Sarcoptic scabies (animal scabies, pseudo-seabies, canine 
scabies) sa contagious skin disease that affects both humans 
and wild and domestic animals. It is caused by the mite 
Sarcoptes(S.) scabiei (Bandi and Saikumar 2013; Chandler 
‘and Fuller 2019; Rowe etal. 2019; Turchetio et al. 2020: 
‘Moroni et al, 2022). It is transmitted to humans through 
contact with other infected humans or animals (Bandi and 
Saikumar 2013: Moroni et al. 2022). Scabies affects more 
than 150 mammalian species worldwide (Moroni et al. 2022), 
[is regarded asa permanent parasite, witha short lf eyee 
Diagnosis is confirmed by observing is presence in multiple 
superficial skin scrapings (Moconi etal. 2022). 

‘The history of scabies “was described by Dr. Reuben 
Friedman in the first half of the 20th century. In the Old 
‘Testament, “zaraarh"is the term use fr scabies. Aristole 
sand Galen noted the contagious nature of scabies, ad the 
farmer sed the term “mite Celsus described sheep scabies 
and ils treatment. Avenzoar described mites as small flesh 
‘worms that crawl under the skin and cause water-filled 
pustules Inthe 13uh-16th centuries the presence of mites was 
‘observed in scabies lesions, but the causal link was not 
established. In the 17th century. Hauptman sketched 
imperfect mites. Giovanni Cosimo and Diacinto Cestoni 
studied the disease in sailors and produced a drawing of the 
‘mite in 1687 (Cursier ct al. 2011). In 1746, Linnaeus 
classified the mite as Acarus humanus-subeutaneous. The 
First accurate illustration of the parasite was sketched by 
‘DeGeer. Simon Frangois Renucei obtained a mite specimen 


fiom a young giel suffering from “the itch” on August 13, 
1834. In the ate 19th and early 20th centuries, Ferdinand 
Ritter von Hebra described the life eyele and stages of 
infection. Kenneth Mellanby described measures for scabies 
cnviroamental disinfection during World War I (Curtier et, 
al. 2011), Seahies was listed by the World Health 
‘Organization a a neglected tropical disease in 2017 (Moroni 
etal 2022), 


Etiology 


Scabies is eaused by Sarcoptes(S.) seabei."The name of the 
Parasite comes from the Greek word sars, meaning “flesh 
and koptein, meaning ‘to cut, plus the Latin word seabere 
meaning “to serach’ (Hicks’ and Elston 2009). Ie isan 
arthropod of the class Arachnida, subelass Acari, order 
‘Astigmata, suborder Acardida (Astigmata)—because it has 
fio detectable spiracles or tracheal system— and family 
Sarcoptidae. Several, host-spectic varieties have been 
described in the genus Sarcoptes (8. scabiet var. canis, S. 
seabiei var. bovis, S.scabiei var. suis, S.scabie va. equi. S. 
‘scabiei vat. auchentae,S.scabiel var. cuniculi, S.seabel vat. 
‘ovis and S.scabiei var. caprae, which parasitize dogs, cll, 
Piss. horses, lamas and alpacas, rabbits or goats 
respectively). The subspecies infecting humans is S. scabiei 
var. hominis, whichis distinct from that affecting animals 
(Burgess 1994; Chosidow 2006: Hicks and Elston 2008: 
‘Aydingiz and Mansur 2011; Agusti et al. 2012: Gallegos et 
ab 2014), 

‘The female mite is 300-S00 um long, 230-420 jm wide, and 
the male is 213-285 ym long, 162-210 ym wide (Burgess 
1904), 8. scabie’ has athin cuticle without heavily sclerotized 
scutes, a head with brown sclerotized mouthparts, and no 
division between abdomen and cephalothorax (Hicks and 
Elston 2000: Gallegos et al. 2014). It is pearly white or 
‘creamy white in color, translucent, small, oval, and flattened 
in shape, with eight legs attached to the ventral surface of the 
cephialothorax. The first two pairs of horny legs bear to 
‘laws (Chouela etal. 2002). 


Epidemiology 


Scabies isa globally distributed disease: however its most 
‘common in developing countries. It affects various domestic 
and wild species, as well as humans, as Sareoptes variants 
hhave evolved to infest specific host species. Transmission 
‘occurs primarily through direct contact, wich is favared by 
‘crowding o when animals are kept together in confined areas 
(Fareyt 2001), 
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‘The exact number of infected cases are still unknown, 
however, over 300 million people are estimated to be 
fected. Ii considered endemic mainly i tropical 

‘with a variable prevalence, which in certain regions can be 5 
10fe (Hay et al. 2012), Ina study conducted in Brazil in 2005, 
frequency of &.85 was determined in poor neighborhoods 
versus 3.8% in a fishing community. However, this study 
Found no variation in frequency indifferent seasons of the 
‘year (Heukelbach etal. 2005) in contrast to the findings of 
Mimouni etal. (2003). who reported a higher frequency in 
‘winter, probubly favored by overcrowding during colder 
months: 

Historically, younger age groups have been more vulnerable 
and the frequency decreases in adults, while increasing again 
in the elder people, Thi distribution is consistent with the 
findings of Lapeere et al. (2008) in Belgium, where the 
incidence was higher inthe elderly. In a study conducted in 
(Cuba in children aged 0-14 years diagnosed with scabies, 
‘695 were younger than I year. No difference was found with 
respect to gender. Interestingly. 45% of eases were in the 
poor socioeconomic segment (Saldana 2020), in agreement 
‘with the findings reported in Brazil by Feldmeier etal. (2008) 
in which in addition to poverty, a low educational evel was 
‘mentioned! risk facto, possibly due to poverty conditions 
fas abase clement. 

Inthe United Kingdom, Lassa etal (2011) conducted a study 
and found a higher frequency in females than in males, with 
‘arlative risk of 1.24, along with ahigher frequency in people 
aged 10-19 years. The authors identified an epidemic cycle 
cof 15-17 yeas, 


Pathogenesis 


Scabies ccurs mainly in immunocompromised patients, 
‘whether due to HIV infection, steroid treatment (systemic of 
topical), transplant surgery. or hematological malignancies 
(Remartinez etal. 2008) eis also prevalent inpatients with 
physical or mental disability, including paralysis, sensory 
‘neuropathy, leprosy, er Doven syndrome (DS). Subjects with 
an inability wo perceive pruritus o those who are incapable of 
‘scratching are also susceptible (Singh et al. 2011; Rol 
Franco etal. 2019), 

‘The biological cycle ofthe mite starts when female and male 
‘mate on the skin surface. A single copulation is sufficient for 
alifetime of egg-laying. After mating, the male dies and the 
female digs shallow passages called burrows, where she lays 
ceges (Gallegos etal. 2014). The gravid female reaches the 
siratum corneum using her jaws and cutting claws. As she 
advances, she sucks dssue lads to fed, leaving feces bend 
as she continues to burrow (Hicks and Elston 2009). Saliva 
fand feces provoke a hypersensitivity reaction, causing 
‘widespread inflammatory responses in the skin (Curtie and 
MeCarthy 2010) 

The female lays 2-3 eggs per day, which hatch after 
approximately $5 hours to produce nymphs that resemble the 
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sudalt mite but are smaller and only have thre leg pairs: The 
nymphs leave the burrow one day later and move tothe skin 
surfce, The adult male dies ater 5 weeks. Daring this, 
she will spread the burrow ata speed of 0.5-S mm per day 
She can survive for 24-36 hours at room temperature 
(Chouela etal 2002; Hicks and Elston 2009). 

“The mite population ean increase to 25 adal females alter 50 
days, and up to 500 mites by 100 days, producing the 
‘eulancous eruption characteristic of elasscal scabies, This is 
‘eunsed by both infestation and hypersensitivity reaction 
{Chosidow 2006; Hicks and Elston 2009) and is observed as 
intensely pruritic erythematous furrows, vesicles, russ, and 
papules resulting trom a type IV delayed hypersensitivity 
Feaction, Scabies can also occur asa psoriasform dermatosis, 
affecting hands and fect (Gallegos ct al. 2014: Harris and 
Vincek 2017) Lesions are most common on hand interdigital 
membranes and periungual areas, flexor surfaces of the 
wrists, he scalp, face and buck (Currie and MeCarthy 2010: 
Palaniappan etal 2021), 


‘Transmission 


Scabies is transmitted primarily by close contact with 
infected individuals and less frequently, by sharing clothing. 
shoets, of towels (Aussy et al. 2019), Although few mite 
Subspecies ean infect humans, there i a great varity of 
subspecies that can infect animals (de Gentile and Carsuzaa 
2013), In animal-human wansmission. companion animals 
ae the main tansmiting agents, followed by production 
animals such as rabbits, catle (bovines and buflaloes) 
lUams, and pigs, an lesser extent, wild species such as 
igazelles and monkeys, due to the unusual contact between 
these species and humans (Moroni et al. 2022), 


Clinical Variants 


‘Three clinical variants of scabies are recognized. According 
to the symptoms, it can be classe/simple, crusted/protuse, oF 
nodular (Plasencia etal. 2013), 

Classic seabies, The main signs are pruritus and the 
‘currence of furrows and vesicles, Intense pruritus is am 
effect of mite burrowing, andin generalized casesitis related 
to an allergic reaction, with atypical increase in 
immunoglobulin E (gE) levels. Furrows and yesicles are 
olin found in the interdigital spaces of the hands and in the 
folds of the antrioe aspect of the wrist, while the axillary 
folds, mammary papilla, umbilicus, genital organs. back, 
scalp, and face ate less frequently affected; however. the 
centre body may be involved (de Gentile and Carsuza 2013) 
Pruritus begins 4-6 weeks after infection. In cases of 
feinfestation within 6 months after intial infection, it wil 
dlevelop within hours or days. In very severe. cases, 
disseminated erythematous papules, excoriation 
hemorrhagic rusts, linear serapes (dermatitis) vesicles, and 
tlie pustules ae found due to secondary bacterial infection, 
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Scabies 


Bruising problem which is secondary to rubbing and 
scratching is also common, The severity of signs varies from 
person to person (Richards 2020), 

‘Crusted scabies It occurs in immunocompromised patients 
Its mtn trait is the absence of pruritus, which makes 
dificult to diagnose. Lesions and desquamation products 
carry abundant parasites, which increases its infectivity 
(Barruia 2021). It presents with marked hyperkeratosis 
involving the limbs, including subungual areas, although 
lesions may be generalized, Peripheral eosinophilia s usually 
the main sign in patients with keratinization disorders 
‘Galina etal. 2003), Compared to classical scabies, erusted 
scabies presents with localized keratotie plagues onthe limbs, 
trunk, pinnae, and eyelids (Tirado-Sinchez etal. 2016) 
[Nodular scabies. I presents with erythematous nodules wp 
to 2-cm in diameter. Iis the least common variant (74), and 
it mainly involves the buttocks, genitals, groin, or armpits. 
‘These lesions may be the result of « hypersensitivity reaction 
to the mite'sseretion products (Pascencia etal. 2013), 


Diagnosis 


Definitive diagnosis requires microscopic detection of the 
mite, its feces, or eggs. However, in classical scabies the 
‘numberof mites is scarce, so this method is limited, and a 
negative examination does ot rule oat the diagnosis 
Therefore. physical examination and a compatible history 
allow establishing @ diagnosis of suspicion and initiating 
‘weatment (Barrutia 2021), There are several diagnostic 
‘methods, including the following: 
Miller's test: It consists of a cutancous scraping. applying 
2 drops of mineral oil ar petroleum jelly on the lesion, 
‘which i scraped with a scalpel blade to extract the upper part 
ofthe tunnels. The sample is placed and spread on & slide, 
‘covered with a coverslip. and observed under a microscope 
{(Morgado-Carrasco etal. 2021). 
‘Burrow ink test: It consists ofthe diset application of blue 
‘black ink: on suspicious lesions, cleaning the surface with 
alcohol afterwards, The ink penetrates in the epidermal 
tunnels excavated by mites, facilitating the visualization of 
the furrow and. thus, differential diagnosis is possible with 
“other pruritic dermatoses (Silvestre etal. 2020), 
Dermatescopy or epiluminescence microscopy: With this 
technique, the parasite can be observed in situ at 10X 
magnification. The sensitivity ofthis technique is 91% and 
its specificity is 86% (de Gentile and Carsuzaa 2021). Small 
‘wiangular structures can be observed, which correspond 10 
the pigmented anterior section of the mite, and a linear 
segaient behind the triangle, which contains small air 
hubbles, corresponds to the tunnels. eges, and feces of the 
parasite (Morales and Matute 2008), 
In vivo reflectance confocal microscopy (RCM): Is 
‘wellness has been reported to diagnose scabies and other 
parasites (Morgado-Carrasco et al. 2021), This technique 
allows a rapid and non-invasive confirmatory diagnosis, In 


scabies, it allows real-time observation of mites, eggs, and 
Scyfuls. This technique also allows to monitor the response 
to treatment, as indicators of active infection can be observed 
suet as the presence of eggs in the furrows (Fusta etal. 2019) 
Polymerase chain reaction (PCR): A PCR assay has bees 
used recently to demonstrate scabies in patients presenting 
with clinically atypical cezema. In these cases, epidermal 
scales are usually PCR-postive for 8. scabiei DNA before 
treatment and negative two weeks aftr treatment (Morales 
and Mature 2008) 


‘Treatment 


Various alternatives are available to treat scabies. The choice 
vvll depend on the clinical presentation and the paints 
Fesourees. In addition to medication, hygienic measures are 
required fr asuecessful treatment, such as thoroush cleaning 
‘of hedding und contaminated clothing. as well as the disposal 
fof fomites that have had contact with companion animals or 
Production animals, if these were the transmitters of the 
parasite (FitzGerald etal. 2014), 

Cleaning measures are accompanied by the application of 
specific chemical agents aginst scabies: the hes known are 
benzyl benzoate, lindane (1%). esdepalletrine/piperonyl 
hutoxide, pyrethroids, macrocyelic lactones (de Gentile and 
Carsuzaa 2021), crotamiton, methotrexate, and sulfur 
(Plascencia et al 2013). Other compounds have also been 
reported as active against the parasite. such as beuvericin, 
‘which ata concentration of 0.5% was effective in eliminating 
both adult parasites and eges (AlKhoury etal. 2020), 
Altemative treatments sith plant extracts to eliminate the 
parasite have also been reported (Nakamura etal. 2022). A 
recent study ists about 28 plants. including fut rees such as 
papaya (Cariea papaya), where the whole plant ean be used 
for treatment with effective results (Akram et al. 2020), The 
lficacy of some plants in eliminating the parasite can he due 
to their conten of active compounds like alkaloids, tannins, 
‘avonoids, and coumarin derivatives (Altaf etal 2018) 


Prevention 


‘The discase can be prevented in humans by considering some 
risk factors, particulary avoiding overcrowding, which can 
be especially difficult invulnerable groups because it 
involves changing the economic conditions ina household. 
In places such as hospitals, nursing homes fr the elderly or 
Schools, where outbreaks occur with some frequency, early 
Altection and effective treatment are impertant Jadraque e 
al. 2010), Likewise, health promotion activities should be 
Carried out in endemic sites to enable the population and 
animal owners to recognize the routes of transmission of the 
disease and identify the problem at an early stage (Peraza 
2021), 

‘Those individuals who having close contact with animals or 
people infected with scabies should wear gloves, especially 
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‘when a person or animal is suspected of being infected 
{ladraque et al. 2010), 


Zoonosis 


Scabies is « zoonotic disease that affcts humans and a wide 
range of domestic and wild animals (Aydingéz and Mansur 
2011). It has been reported that the mite is not species- 
Specific, but can temporarily live on other species, giving rise 
1 cross-infeetion (Aydingiz and Mansur 2011; Gallegos et 
al. 2014). Moroni etal. 2022) conducted a literature review 
fn the zoonotic transmission of this parasite, focusing on 
‘outbreak sources, transmission, and diagnosis of strains 
inyolyed in human cases, as well s cn the weatments applied. 
Among the nine species of companion animals identified, 
dogs, cats. and goats accounted for the highest number of 
transmission cases, while miniature pigs, horses, rabbits, 
‘water buffaloes, lamas, and cattle were identified ina smaller 
proportion as transmission sources for their owners. Other 
domestic animals, and wild. species (Voxes, wombat, 
sguzelles, chamois, and monkeys) may also serve as an 
‘ccupational source for spread of disease t human 
Epidemiology: Parasitic diseases are very frequent, 
particularly seabies due to S. seabieivarcanis shows aigh 
‘zoonotic potential, accounting for 24% of all dermatological 
cases. [tis noteworthy that there is not much information on 
prevalence indicators in animal populations. probably 
Inectse when a case is identified. ts ested on a eastistic 
‘asi, with no records on its incidence er prevalence (Gakuya 
etal 2012), 


Pigs 


‘Several works have reported the presence of scabies in pigs 
The transmission from adults to young pigs is important, 
specially during. lactation. Cordero et al. (2001) and 
Pedroso-de-Paiva etal (2003) found thatthe key risk factors 
associated with the presence of disease are that pigs inbabit 
fan area of less than 0,85 mVpig and have an air volume of 
Tess than 3.0 mania 


Dogs 


‘Some authors report that it affects dogs of any breed, sex, or 
‘age, and can sometimes oceur sub-clinially (Corrales etal 
2001), although others point out that it mainly affects young 
and short-haired animals (Quintero 2006). 


Wild Species 


Bornstein eal. (2001) repete the presence of scabies in six 
‘imate species. 11 canis, nine felis, six mustelid, wo 
‘rocyonids, and a wide variety of artioductyls, as wel a in 
rodents, lagomorphs, marsupials, and insectivores. 
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‘Therefore, it is likely to affect more species than reported in 
the literature. Gakuya et al. (2012) reported this parasitic 
disease in Aftican lions, gazelles,wildebeests, and cheetahs 
with infection frequencies up to 12.7% in the latter species 
and marginal frequencies of less than 1% in the others. Ibis 
holeworthy that the highest fequency was found in areas of 
‘nesistence with domestic specie in the Masai Mara region, 
in Kenya, 

Rasero etal. (2010) conducted a study in three European 
‘countries, using ten specific markers for Sarcopres' and 
determining the genotype through microsaelite, Variations 
in genotype were observed according to geographical 
sepregatin, with three major groups aecording to the host: 
herbivorous, eamiverous, and omnivorous. Segregation has 
_gencrated new mite subpopulations, indicating host-speciic 
sudaplation ofthe parasites, as Walton etal (2004) previously 
described in Australia. 


Sheep and Goats 


In sheep and gous, the Saveoptes mite causes skin thickening 
scabs, and alopecia around the mouth, in addition 
fenythematous papules around the eyes, ears, and. leps, 
resulting in great economic losses for owners (Lastti eta 
2018). Unshorn sheep are more affected, as humidity and dit 
favor the perpetuation ofthe parasite lie eyele. ln Indonesia 
prevalence rates of S-100% were reported in goat herds, and 
‘mortality could be high in young animal, increasing the 
production costs for these animals (Lastuti etal. 2018), 
‘Transmission: It occurs by direct contac but cases of 
transmission by contaminated objects have been reported, as 
these parasites can survive for some time outside the body of 
the animals. Clothing cleaning utensils, bedding. harnesses, 
and blankets can be sources of contamination. In pigs and 
‘other animals, viable parasites have been found on the walls 
and bars of pens, Although each animal species isa reservoir 
‘of the mite for its conspecifics, cross-transmissien between, 
Ulffereat species has also occurred (Aussy et al. 2019) 
Recent stuis in Japan have found other routes of animal-to- 
animal transmission, such as hunte-prey interaction. This is 
hot limited to wald species, but it can also be observed in the 
teraction of feral dogs and cats with their prey (Matsuyama 
tal, 2019), 

‘Signs: Sinilarlesions occur in ll animal species affected by 
this parastosis. They begin or endl the point where the mite 
first enters the skin, Initially, small red papules and erythema 
‘of the skin may be observed, showing the enty site ofthe 
mite, as well asa local sesous exudation that transforms into 
2 superficial wet coagulum, with intense prritus. Continued 
imitation gives rise to a subacute dermatitis with active 
Parakeratotic proliferation and the formation of thin crust 
which eventually thicken and desiceate due to the 
hhumbers of bacteria growing om them Jubb et al 2087); ths, 
secondary bacterial infections are frequent (Gakuya et al 
2012), Hairs ure lost in these areas. and the skin thickens and 
‘shows discoloration (Quintero 2000), 
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‘Scabies 


‘Two clinical presentations can be found in pigs: the first one 
resembles n allergy. and itis common in young animals and 
piglets and after 2-10-week incubation, numerous ed spots 
lire observed all aver the body of the animals. The second 
‘one, which manifests as hyperkeratosis, is usual in adult and 
‘ld animals: the main sign is pruritus; additionally the skin 
of the tai, snout, legs, and the inner side of ears in these 
animals shows abundant scabs (Fernnde7 et al. 2018), 
‘Treatment: Various topical seabicide products are available 
in the market. Sulfur formulations are less used nowadays as 
these may cause dermatitis. Benzyl henzoat. lindane, and 
rotumiton are commonly wsed, Topical acaricides available 
include permethrin 5%, deliamethrin 0.02%, lindane 1% 
sulfur peolatum 610%, crotamiton 10%, and in refractory 
‘cases eral ivermectin is recommended a a dose of 200 g/kg 
‘once. repeated after two weeks (Osman eta. 2006), 
Prevention: In animals, primary prevention requires 
adequate environmental initation, including washing and 
disinfection of areas where affected animals are kept, as well 
asayoiding overcrowding (Valdés 1997; Pedroso-de-Pavia et 
al. 2003). In dogs, it is common to apply secondary 
‘prevention, through early diagnesis and timely treatment. In 
that rense itis advantageous thatthe disease is visible and 
can he diagnosed in early stages. For slaughter animals its 
Important to separate the affected animal(s) to avoid 
transmission to the rest of the animals, and to apply the 
appropriate tweatment. An integrated health approach is 
required to prevent the infection and, if necessary, control 
scabies outbreaks in places where cases have been observed, 
dnd where cnexistence between humans, domestic, and wild 
animals is common (Rubini 2021) 


Conclusion 


‘Scabies is a neglected parasitic disease that is a major public 
health problem in miny’ resource-poor regions, It causes 
substantial morbidity from secondary infections and post- 
infective complications. It isa disease of roonotic 
importance, which affects different species and man, causing 
{great economic losses. So, it is important to maintain a 
Prevention and contol system. especially in those species 
that are in close contact with each other and with humans 
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